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WEALE'S  SCIENTIFIC  d    TECHNICAL  SERIES. 

CIVIL    ENQINEERINQ    &    SURVEYING. 

Civil  Engineering.    H.  Law  &  D.  £.  Clabk      .        .  6/6 

Pioneer  Engineering.    £.  Dobson  .        .    .  4/6 

Iron  Bridges  of  Moderate  Span.    H.  W.  Pendred.  2/- 
Iron  Bridges  &  Girders.    F.  Cahpin        .                .2/6 

Constructional  Steel  &  Ironwork.    F.  Camfin    .    .  3/6 

Tubular  &  Girder  Bridges.    G.  D.  DBiiPSBY  .        .  2/- 

Materials  and  Construction.    F.  Oampin    .        .    •  3/- 

Sanitary  Work.    C.  Slagmj 3/- 

Roads  and  Streets.    H.  Law  k  D.  E.  Clark        .    .  4/6 

Construction  of  Gasworks.  S.Huqhbs&W.Bioha&ds  5/6 

Water  Works.    S.  Hughes 4/- 

Weil-Sinking.    J.  G.  Swindell  A  G.  R.  Bubkell  .    .  2/- 
Drainage.    G.  D.  Dempset  &  D.  E.  Clabk  .        .        .4/6 

Blasting  and  Quarrying.    J.  Bubgoyne  .    .  1/6 

Foundations  and  Concrete  Work.    £.  Dobson  1/6 

Pneumatics.    C.  Tomlinson 1/6 

Land  &  Engineering  Surveying.    T.  Bakbe  .        .  2/- 

MECHANICAL    ENGINEERING,    &c. 

Engineering  Drawing.    J.  Maxton  .        .    .  3/6 

Fuels,  Analysis  and  Valuation.    H.  J.  Phillips      .  2/- 
Fuel.    C.  W.  WiLLLAMs  A  D.  K.  Clark        .        .        .3/6 

Boilermaker's  Assistant.    J.  Courtney  .    .  2/- 

Boilermaker's  Ready  Reckoner.    J.  Coxxbtnet       .  4/- 

Boilermaker's  Ready  Reckoner  and  Assistant .    .  7/- 

Steam  Boilers.    R.  Armstbono 1/6 

Steam  and  Machinery  Management.    M.  P.  Bale.  2/6 

Steam  and  the  Steam  Engine.    D.  E.  Clabk  .        .  3/6 

Steam  Engine,  Theory  of.    T.  Bakbe         .        .    .  1/6 

Steam  Engine.    Dr.  Labdnbb 1/6 

Locomotive  Engines.    G.  D.  Dempsby  &  D.  K.  Clabk  .  3/- 

Locomotive  Engine  Driving.    M.  Reynolds       .    .  3/6 

Stationary  Engine  Driving.    M.  Reynolds  .  3/6 

Model  Locomotive  Engineer.   M.  Reynolds        .    .  3/6 

Modern  Workshop  Practice.    J.  G.  Wiin-ON  .        .  3/6 

Mechanical  Engineering.    F.  Campin  .  .    .  2/6 

Details  of  Machinery.    F.  Campin    .        .  •  3/- 

Elementary  Marine  Engi'ngaring.   J.  S.  Bbeweb  1/6 
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WEALE'S  8GIENTIFIG  A    TECHNICAL  SERIES. 

MECHANICAL    ENQINEERINQ,    Stc-contd. 

Sewing  Machiriery.    J.  W.  Urquhakt  .                .    .  2/- 

Power  of  Water.    J.  Glynn               .                       •  2/- 

Power  in  Motion.    J.  Armoub 2/- 

Iron  and  Heat    J.  Armour 2/6 

Mechanism  and  Machines.  T.  Baksb  k  J.  Nahmtth  2/6 

Mechanics.    C.  Tomlinson 1/6 

Oranes  and  Machinery.    J.  Gltnn                      .    .  1/6 
Smithy  and  Forge.    W.  J.  E.  Crane                .        .2/6 

Sheet-Metal  Worlcer's  Guide.    W.  J.  E.  Crane  .    .  1/6 

MINING    &    METALLURGY. 

Mineralogy.    A.  Ramaat 3/6 

Coal  and  Coal  Mining.    Sir  W.  W.  Smtth  .        .    .  3/6 

Metallurgy  of  Iron.    H.  Baubrman  .        .  •  5/- 

MineraJ  Surveyor's  Guide.    W,  Lintern    .        .    .  3/6 

Slate  and  Slate  Quarrying.    D.  C.  Dayibs       .        .  3/- 

Minipg  and  Quarrying.    J.  H.  Collins  .    .  1/6 

Subterraneous  Surveying.    T.  Fenwick  k  T.  Baker  2/6 
Mining  Tools.    W.  Morgans                                    .2/6 

Plates  to  ditto.    4to 4/6 

Physical  Geology.     Portlook  k  Tate       .        ,        .  2/- 

Historical  Geology.    R.  Tate 2/6 

The  above  2  yoIs.,  bound  together  ....  4/6 

Electro-Metallurgy.    A.  Watt 3/6 

NAVIQATION.    SHIPBUILDING,    &c. 

Navigation.    J.  Greenwood  k  W.  H.  Rosser      .        .  2/6 

Practical  Navigation.    Greenwood,  Bossbr  k  Law  .  7/- 

Navigation  and  Nautical  Astronomy.    J.  B.  Young  2/6 

Mathematical  &  Nautical  Tables.    Law  k  Young    .  4/- 

Masting  and  Rigging.    B.  Kipping                      .    .  2/- 
Sails  and  Sail  making.    R.  Kipping  .                       .2/6 

Marine  Engines.    B.  Murray  k  G.  Carlisle        .    .  4/6 

Iron  Ship-Building.    J.  Grantham    .                        •  4/- 

Naval  Architecture.    J.  Psakjb 3/6 

Ships.  Construction  of.    H.  A.  Sommxrfeldt  .        .  1/6 

Plates  to  ditto,  4to 7/6 

Ships  and  Boats.    If.  Bland  .1/6 
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AGRICULTURE    &    GARDENING. 

Fertilisers  &  Feeding  Stuffs.  Db.  B.  Dyeb  .  .  i/- 
Draining  and  Embanking.  Pbof.  J.  Soott  .  .  i/6 
Irrigation  and  Water  Supply.  Pbof.  J.  Scott  .  .  i/6 
Farm  Roads,  Fences,  and  Gates.    Pbof.  J.  Scott  .     i/6 

Farm  Buildings.    Pbof.  J.  Scott 2/- 

Barn  Implements  and  Machines.  Pbof.  J.  Soott  .  2/- 
Field  Implements  and  Machines.  Pbof.  J.  Soott  .  2/- 
Agricultural  Surveying.    Pbof.  J.  Soott  .  .1/6 

The  above  7  vols.,  bound  together       .        .        .     .  12/- 
Farm  Management.    R.  S.  Bubn       .        .  .2/6 

Landed  Estates  Management  R.  S.  Bubn  .  .  2/6 
Farm  &  Landed  Estates  Management  R.S.  Bubn  6/- 
Farming— Soils,  Manures,  and  Crops.  R.  S.  Bubn  2/- 
Farming— Outlines— Farming  Economy.  R.S.Bubn  3/- 
Farming— Oattle,  Sheep,  and  Horses.  R.  S.  Bubm  2/6 
Farming— Dairy,  Pigs,  and  Poultry.  R.  S.  Bubn  .  2/- 
Farming—Sewage  &  Irrigation.  R.  S.  Bubn  .  .  2/6 
The  above  5  vols.,  bound  together  .  .  .  .  12/- 
Book-keeping  for  Farmers.  J.  M.  Woodman  .  2/6 
Ready  Reckoner  for  Land.    A.  Abman  .    .    2/- 

Miller's  &  Farmer's  Ready  Reckoner  •    2/- 

Hay  and  Straw  Measurer.    J.  Stbxlb  .  .    .    2/- 

Meat  Production.    J.  Ewabt 2/6 

The  Sheep.    W.  0.  Spoonbb 3/6 

Multum-in-Parvo  Gardening.    S.  Wood    .  •    i/- 

Forcing  Garden.    S.  Wood 3/6 

Market  and  Kitchen  Gardening.  C.  W.  Shaw  .  3/- 
Kitchen  Gardening.    G.  M.  F.  Glennt.  .    .     1/6 

Cottage  Gardening.    £.  Hobday  .  .1/6 

Garden  Receipts.    C.  W.  Quin 1/6 

Potatoes :  How  to  Grow.    J.  Pinx   .  •    2/- 

Culture  of  Fruit  Trees.    M.  Du  Bbbuil  •    •    3/6 

Tree  Planter  &  Plant  Propagator.    S.  Wood         .    2/- 

Tree  Pruner.    S.  Wood 1/6 

Tree  Planter,  Propagator,  &  Pruner.  S.  Wood  .  3/6 
Grafting  and  Budding.    C.  Baltst  .  .2/6 

Bees  for  Pleasure  &  Profit    G.  G.  Samson        .    .     i/- 


CROSBT   LOCKWOOD  ft  SON,  7,  StaUmiera'  HaU  C»iirt,  E.C. 


Digitized  by  VjOOQ  IC 


HIDEAULIC 

TABLES,  COEraCIENTS,  AND  FOEMUIA 
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FINDING  THE  DISCHARGE  OF  WATER 

FROM 

ORIFICES,  NOTCHES,  WEIRS,  PIPES,  AND  RIVERS. 
By  JOHN  NEVILLE, 

CIVIL  ENOIHISR,   M.R.I.A.y 

COCKTT  BURVrrOR  OF  LOUTH  AND  Or  THE  COU?mr  OF  TUB  TOWK  OF  DROGHEDA  ; 

FELLOW  OF  THE  ROYAL  OCOLOOICAL  BOCIBTY  OF  IRELAND. 

Cfeirlr  (Bbiiion : 

WITH  ADDITIONS,  CONSISTING   OP   NEW  FORMULA  FOR  THE  DISCHARGE 
FROM  TIDAL  AND  FLOOD  SLUICES,  AND  SYPHONS;   GENERAL   INFOR- 
MATION ON  RAINFALL,  CATCHMENT-BASINS,  DRAINAGE,  SEWERAGE, 
WATER  SUPPLY  FOR  TOWNS,  AND  MILL  POWER. 


•*  In  irfiysics  the  memory  disbinchcns  Itself  of  jti  cnmhrons  cftt'»loirne  of  particulars 
and  can  lea  centmles  of  observation  iu  a  fe^'n^Ie  formula. — Emeeson  on  Nature. 

"  It  ought  to  be  more  genemlly  known,  that  theory  Is  nothing  more  than  the  conolusfonn 
of  reason  from  numerous  and  accurately  obaorved  phenomena,  and  the  deductions  of  the 
laws  -vrhich  connect  causes  with  effects ;  that  practice  is  the  application  of  those  general 
troths  and  principles  to  the  common  affnirs  and  purposes  of  life  ;  and  that  science  is  the 
raeorded  expel ionce  and  discoveriea  of  mankind,  or,  as  it  has  been  well  defined,  'the 
knowledge  of  many,  orderly  and  methodically  ditrested,  and  arranged,  so  as  to  become 
attaiiuible  t^  one.'  "—American  Quarterly  Review. 
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INTEODUCTION 

TO  THE  THIRD  EDITION. 


In  order  to  render  this  edition  more  valuable  to  the 
hydraulic  engineer  the  work  has  been  again  consider- 
ably extended  by  the  insertion  of  several  new  formulae, 
experimental  coefficients,  and  general  estimates  of  cost. 
It  is  hoped  that  the  extent  and  practical  nature  of 
these  additions,  will  render  the  book  still  more  useful 
than  before,  to  meet  the  ever- varying  requirements  of 
the  profession  in  connexion  with  rivers  and  water- 
works. The  experiments  of  Mr.  Mallet  on  syphons 
made  in  1843,  and  printed  in  Weale's  Quarterly  Papers 
on  Engineering,  have  been  reduced.  Newformulse  are 
given  for  finding  the  discharge  from  syphons,  flood- 
sluices,  and  tidal-sluices.  The  practical  formulae  for 
gauging  by  weirs  have  been  added  to.  The  arrange- 
ment of  the  matter  is  in  some  places  altered,  and  some 
portions  of  the  former  introductions  transferred,  at 
their  proper  places,  to  the  text,  and  others  are  retained 
here. 
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ir  INTROLUCTION  TO   THE  THIRD  EDITION. 

At  page  85  the  erroneous  practice  of  different  engi- 
neers in  giving  only  two-thirds  of  the  coefficient  of 
discharge  for  weirs  is  noticed.  This  practice  assumes 
that  the  theoretical  discharge  from  a  notch  is  the  same 
as  if  all  the  particles  of  water  had  the  same  mean 
theoretical  velocity  as  those  undermost,  which,  being- 
too  large  by  one-third,  the  experimental  coefficient  has 
to  be  reduced  in  the  same  proportion  to  give  a  correct 
result.  There  is  no  reason  for  sanctioning  a  different 
coefficient  for  notches,  or  orifices  at  the  surface,  and 
for  stmk  orifices.  The  coefficients  when  in  thin  plates, 
with  large  cisterns,  have  nearly  the  same  general  value, 
*615  to  *628,  for  both,  and  it  tends  to  confusion  to 
adopt  in  one  place  a  coefficient  for  a  correct  formula,, 
and  in  another  a  coefficient  for  an  incorrect  one; 
although  the  final  result,  by  an  equality  of  contrary 
errors,  may  be  the  same.  I  may  here  observe  how 
very  general  the  coefficient  of  two-thirds,  and  there- 
abouts,  is  for  all  orifices  and  notches ;  likewise  for  the 
useful  effect  derived  from  the  application  of  water 
power ;  as  well  also  for  the  relation  of  the  velocity  due 
to  the  fall  and  the  velocity  of  water  wheels  to  give  a 
maximum  result.  The  modifications  of  coefficients, 
dependent  on  the  position,  thickness,  form,  and  ap- 
proaches of  an  orifice,  are  as  yet  little  understood  by 
the  profession.  The  defects  in  the  ordinary  formula 
when  the  velocity  of  approach  has  to  be  considered  are 
pointed  out  in  pages  88  to  124,  and  it  is  to  be  regretted 
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that  the  authority  of  some  writers  on  the  subject  has 
misled  many  as  to  the  correct  form.  Before  the  eflfec- 
tive  power  of  a  water-wheel,  or  water-engine,  can  be 
determined,  we  must  know  how  to  gauge  the  water 
supplied  to  it  correctly.  This  can  be  done  only  by  the 
application  of  formula  and  coefficients  varied  to  suit 
the  circumstances  of  the  case  under  consideration. 
From  causes,  which  it  is  not  necessary  to  enter  into 
here,  this  has  seldom  been  done,  and  very  little  depen- 
dence can  be  placed  on  results  obtained  by  the  formula 
in  common  use  when  applied  generally.  It  is  pleasing 
to  follow  Mr.  Francis  and  Professor  J.  Thomson 
through  the  steps  by  which  they  get  the  effective 
power  of  their  wheels,  and  I  have  accordingly  made 
considerable  use  of  their  labours  in  Section  XIV. 

In  practice,  the  irregular,  sometimes  sloping,  broken 
and  jagged  crests  of  most  weirs,  on  larger  rivers,  render 
any  close  estimate  of  the  quantity  passing  over  quite 
uncertain,  especially  for  lesser  depths,  unless  where 
the  observer  has  a  large  scientific  experience ;  and  the 
quantities  are  generally  too  large  to  apply  the  ordinary 
notch-gauge.  In  such  cases  it  is  better  to  measure  the 
flow  of  the  river,  stream,  or  mill-race,  from  the  cross 
section  and  the  observed  mean  velocity.  Frequently, 
however,  this  method  presents  another  difficulty,  in  an 
irregular  channel,  where  the  depths  and  velocities  vary 
-considerably  in  the  same  cross  section,  and  where  the 
cross  sections  themselves  vary  in  short  distances  apart. 
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In  such  cases  I  have  often  found  it  necessary  to 
divide  a  selected  stretch  into  two  or  more  longitudinal 
sections,  determining  the  cross  section  and  mean  velo- 
city of  each,  and  taking  the  sum  of  the  results  for  the 
flow :  which  may  be  checked  off  by  like  admeasure- 
ments on  a  different  stretch  of  the  channel. 

Long  solid  stone  weirs,  with  an  enlarged  weir  basin 
in  connexion  with  mills,  to  regulate  the  head  and  ta 
pond  water,  above  a  water-wheel,  have  especial  advan- 
tages for  this  duty ;  but  their  application  for  the  pur- 
pose of  keeping  down  the  head,  and  to  effect  drainage 
for  long  distances  up  a  river,  without  a  sluice,  or  fall- 
ing crest,  see  page  290,  was  marvellous — unllp  for  the 
drainage  of  capital.  In  November,  1849,  in  connexion 
with  a  paper  on  the  Benburb  Mills  and  Weir  case, 
page  288,  I  drew  the  attention  of  the  Institution  of 
Civil  Engineers  of  Ireland  *  to  the  misapplication  of 
such  long  solid  weirs  on  the  Shannon,  for  navigation 
and  drainage  purposes.  The  "Arterial  Drainage 
Commissioner,"  on  the  Board  of  Works,  who  was 
present,  "pooh-poohed"  the  inferences;  but  the 
failure  of  those  works — ^rather  the  injury  they  do — haa 
since  become  patent  to  all ;  and  after  an  expenditure 
of  about  £600,000,  an  Act  has  been  passed  f<5r  the 

♦  This  paper,  althougli  read  at  the  special  request  of  the  President, 
then  Chairman  of  the  Board  of  Works,  and  ordered  to  be  printed,  did 
not  appear  in  the  Transactions,  but  its  substance  afterwords  became 
the  nucleus  of  our  First  Edition.  The  Commissioner  of  Drainage  was 
one  of  the  Vice-Presidents,  and  the  author  a  Member  of  Council  at  the 
time. 
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outlay  of  another  £800,000,  a  moiety  of  which  the 
riparian  proprietors  are  again  expected  to  contribute. 
This  amount  is  proposed  to  be  now  expended  in  order 
to  remedy  the  misapplication  of  a  large  portion  of  the 
first  sum,  £300,000  of  which  had  to  be  paid  by  the 
proprietors  of  the  adjacent  coimties,  without  having 
had  any  control  over  its  expenditure. 

Since  the  Report  of  the  "  Commissioners  of  Inquiry 
into  the  Arterial  Drainage,  in  eleven  districts  in  Ire- 
land," see  pages  896,  897,  and  898,  and  the  removal 
of  the  Arterial  Drainage  Commissioner,  Treasur}'  Mi- 
nute, 24th  June,  1858,  drainage  works  have  been 
carried  on  under  a  better  system.  The  riparian  pro- 
prietors of  the  Shannon,  however,  if  again  taxed, 
should  have  power  to  nominate  an  engineer  of  their 
own  selection,  to  consult,  act  with,  or  control,  if  neces- 
sary, any  engineer  selected  by  the  Treasury,  or  by  the 
Commissioners  of  Public  Works,  and  to  see  after  and 
protect  their  special  interests.  The  system  of  execut- 
ing works  solely  by  or  under  the  staff  of  the  Government 
in  Ireland,  to  the  cost  of  which  districts  or  individuals 
contribute,  has  not  been  successful,  and  has  not  given 
satisfaction.  When  the  Treasury  is  solicited  to  lend, 
or  to  contribute  for  State  purposes,  the  control  exer- 
cised by  the  Board  of  Public  Works  and  its  engineers, 
with  reference  to  the  plans,  estimates,  and  specifica- 
tions submitted,  is  of  much  value  ;  but  the  sooner  the 
system  adopted  for  drainage  works  since  1853  is  gene- 
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rally  carried  out,  and  persons  to  be  taxed  for  the 
Shannon,  or  for  piers,  harbours,  and  other  works,  ai*e 
also  permitted  to  have  a  voice  in  the  engineering  plans, 
and /air  control  over  their  execution^  the  better  for  the 
State  and  for  all  parties  immediately  interested. 

The  Tables,  from  I.  to  XIV.,  at  the  end  of  the 
volume  are  all  original,  with  the  exception  of  Table  I., 
which  contains  the  well-known  coefficients  of  Poncelet 
and  Lesbros  ;  but  these  are  newly  arranged,  the  heads 
reduced  to  English  inches,  and  the  coefficients  for 
heads  measured  over  and  back  from  the  orifice,  placed 
side  by  side,  for  more  ready  comparison.  The  coeffi- 
cients in  the  small  Tables  throughout  the  work  were 
all  calculated  by  the  author  from  the  origmal  experi- 
ments ;  the  formulfie  have  been  carefully  investigated, 
and  the  continental  ones  reduced  to  English  measures 
— some  of  them,  as  will  be  seen,  for  the  first  time. 

The  correction  of  some  of  the  experimental  formulse, 
particularly  the  continental  ones,  as  printed  in  some 
English  books,  cost  the  author  some  labour.  Even 
Du  Bu&t's  well-known  formula  is  frequently  misprinted ; 
and  in  a  hydraulic  work,  y/d—'\,  one  of  the  factors,  is 
printed  y/d—  '1  in  every  page  where  it  is  given.  It  is  not 
always  that  such  mistakes  can  be  avoided,  but  experi- 
mental formulsB  are  so  often  copied  from  one  work  into 
another  without  sufficient  examination,  that  an  error 
of  this  kind  frequently  becomes  fixed ;  and  when  ap- 
plied to  practical  purposes  erroneous  formulae  get  the 
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correct  ones  into  disrepute.  See  note  to  formula  (91), 
page  218. 

The  Tables  of  velocities  and  discharges  over  weirs 
and  notches  have  been  calculated  for  a  great  number 
of  coefficients  to  meet  different  circumstances  of 
APPROACH  AND  OVERFALL,  and  for  various  heads  from 
^th  of  an  inch  up  to  6  feet.  Table  II.  embodies  the 
velocities  acquired  by  falling  bodies  under  the  head  of 
"theoretical  velocity,"  and  the  velocities,  suited  to 
various  coefficients,  for  heads  up  to  40  feet. 

The  formulae  (45),  (46),  (45a),  and  (46a),  for  calcu- 
lating the  effects  of  the  velocity  of  approach  to  orifices 
and  weirs,  and  the  necessary  corrections  for  the  ratio 
of  the  channel  to  the  orifice  at  pages  88  to  114,  as  well 
as  Table  V.,  I  believe  to  be  original.  They  will  be 
found  of  much  value  in  determining  the  proper  coeffi- 
cients suited  to  various  ratios.  The  remarks  thi-ough- 
out  Section  IV.  are  particularly  applicable  to  the 
proper  understanding  and  use  of  this  Table.  The 
hypothesis  from  which  formulfls  (44),  (45),  and  (46)  are 
derived,  page  96  and  97,  and  from  which  Table  V.  is 
calculated,  was  fituned  for  the  purpose  of  giving  prac- 
tical results  when  the  orifice  a  approximates,  in  size, 
to  the  channel  c.  They  are  less  than  those  derivable 
from  formula  (44a),  (45a,),  and  (46a),  which  give,  for 
every  value  of  the  coefficient  c^,  infinite  results,  when 
A  =  c ;  and  results  much  too  large  in  practice  as  the 
values  of  a  and  c  approximate.    As  the  values  of  the 
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coeflScients  for  (45a)  and  (46aJ  can  be  immediately^ 
deduced  from  the  last  two  colxmins  of  that  Table,  bjr 
using  the  values  therein  given,  for  the  ratio  of  the 
channel  to  the  orifice,  as  multipliers,  for  any  primarj^ 
coefiScient  c^,  as  pointed  out  in  the  text,  the  resulting 
or  SECONDARY  Coefficients  for  both  sets  of  formulce  can 
be  compared  with  much  advantage. 

Table  VII.  of  surface  and  mean  velocities  will  be^ 
found  to  vary  from  those  generally  in  use,  and  to  be 
much  more  correct,  and  better  suited  for  practical 
purposes,  particularly  when  applied  to  finding  the 
mean  velocities  in  rivers. 

The  Tables  at  pages  270  and  271  being  for  a  mean 
width  of  100  feet,  will  be  found  perhaps  more  generally 
applicable  to  river  channels  than  Tables  XI.  and  XII.,. 
for  a  mean  width  of  70  feet.  The  Tables  at  pages 
28,  29,  146,  and  199  give  similar  results  for  long  and 
short  cylindrical  pipes.  The  formula  (119a),  page  230, 
for  finding  the  velocity  in  pipes  and  rivers,  is  general 
in  its  practical  application. 

The  loss  of  head  from  friction  in  a  uniform  water 

channel  is/i  =  (  —  |x—  in  which  the  value  of  vi 
\  VI  /        r 

for  feet  measures  may  be  taken  from  the  Table,  page 

231,  with  reference  to  the  velocity  v.      The  loss  is 

therefore  directly  as  the  length  of  the  channel,  directly 

as  (  —  J  ,  and  inversely  as  the  hydraulic  mean  depth 
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— ^which  is  one-fourth  of  the  diameter  for  a  cylindrical 
pipe,  I  have  known  an  engineer  of  considerable 
practice  take  it  as  proportionate  to  the  inner  surface 
of  a  pipe,  which  was  only  correct  when  the  diameter 
remained  constant. 

The  Statistics  of  rain-fall,  and  of  catchment-basins^ 
have  not  yet  received  the  full  attention  which  the  sub* 
jects  deserve.  The  distribution  of  rain  gauges  with 
reference  to  elevation,  contour,  temperature,  and  iso- 
thermal lines  has  not  been  sufficiently  attended  to^ 
The  connexion  of  the  rain-fall  with  the  discharge  gene- 
rally, for  the  whole  catchment,  for  the  tributary  catch- 
ments, and  their  sub-catchments,  at  the  sea  in  the 
middle  districts  and  at  the  sources,  noting  the  geologj', 
must  be  observed  for  several  years  before  the  questions 
of  supply,  discharge,  absorption,  and  evaporation  in 
any  climate  can  be  answered.  The  maximum  and 
minimum  discharges  in  each  year  and  series  of  years 
must  be  observed,  as  well  as  the  average  mean  dis- 
charges,  and  the  maximums  and  minimmns  of  these 
also,  before  the  physical  connexion  of  climate  and 
catchment  can  be  correctly  ascertained,  and  the  engi- 
neer furnished  with  reliable  data.  Heretofore  obser- 
vations, even  when  of  the  best,  have  been  partial  or 
limited,  and  a  wide  field  is  here  yet  open  to  competent 
physicists  in  connexion  with  our  drainage  works.  Mr, 
Symons  is  now,  however,  reducing  the  rain-fall  in 
Great  Britain  and  Ireland  to  a  scientific  form. 
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The  general  items  of  cost  given  in  Section  XIII- 
will  be  found  of  use ;  they  are  intended,  however, 
more  as  guides  than  as  standards  for  estimating  other 
works,  the  cost  of  which  must  depend  on  their  own 
circumstances.  Those  who  have  practical  experience 
of  the  differences  between  estimates,  cost,  and  value, 
«nd  how  they  are  affected  by  changes  of  time,  locality, 
quality,  and  quantity,  will  estimate  for  themselves  in 
detail;  but  the  discrepancies  between  estimates  and 
<50st,  even  under  the  same  circumstances,  are  too  well 
known  to  call  for  any  remarks  here. 

A  few  words  about  my  publishers.  The  Messrs. 
Lockwood  and  Co.  having  purchased  the  copyright  of 
the  work,  decided  on  adoptiug  for  this  edition  a  more 
convenient  size  for  the  engineer  and  student  than  that 
of  the  last  edition;  but  printed  on  paper  as  good, 
and  with  type  fully  as  clear.  I  have  reason  to  be 
satisfied  with  the  manner  in  which  the  work  is  again 
brought  out  and  published,  and  wish  them  a  full  return. 
I  am  indebted  to  Mr.  E.  Field,  Westminster,  for  some 
observations  and  corrections,  which,  coming  after  the 
text  was  printed,  I  have  only  here  to  thank  him  for, 
having  made  use  of  them  in  the  errata. 

John  Neville. 
RoDEX  Place,  Duxdalk, 
February t  1875. 
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DISCHARGE    OF  WATER 

FBOX 

ORIFICES,  WEIRS,  PIPES,  AND  RIVERS. 


SECTION  I. 

APPLICATION  AND   USE   OF   THE   TABLES,  AND  FORMULA. 

To  find  the  velocity  of  a  falling  body  from  the  height 
fallen,  or  the  height  fallen  from  the  velocity. 

BuLE. — Multiply  the  squabe  root  of  the  height 
IN  inches  by  27*8,  and  the  product  will  be  the 
velocity  in  inches.*  To  find  the  height  from  the 
velocity,  square  the  velocity  in  inches  and  divide 
the  square  by  772*84,  the  quotient  will  be  the 
height  in  inches.  See  equation  (1).  Table  II., 
eolnmn  1,  will  give  the  velocity  from  the  height,  found 
in  the  column  of  '*  altitudes,"  or  the  height  from  the 
velocity,  directly. 

Example  1. — What  is  the  velocity  acquired  by  a 
heavy  body  falling  ^th  of  an  inch? 

In  the  Table  opposite  to  |^th  of  an  inch,  found  in 
the  column  headed  "  altitudes  fe,"  is  found  9*829  in 

•  The  square  root  of  the  height  in  feet  multiplied  by  8*025  gives  the 
Telocity  per  second  in  feet ;  and  the  square  of  the  velocity  in  feet 
divided  by  64*4  will  give  the  height  in  feet.  The  decimals  may  be 
omitted  in  applications  for  engineering  practice,  and  the  multiplier  8 
and  divisor  64  only  used. 
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column  1,  for  the  required  velocity,  in  inches  per 
second. 

Example  2. — What  is  the  velocity  acquired  by  a  fall 
of  11  feet  S  inches? 

Opposite  to  11  feet  8  inches,  as  before,  is  found 
828'007  inches,  for  the  velocity  required. 

Example  8. — What  height  must  a  heavy  body  fail 
through  to  a>cquire  a  velocity  of  40^  feet  per  second? 

Here  40J  feet  is  equal  486  inches,  opposite  the 
nearest  number  to  which,  found  in  column  1,  is  found 
26  feet  6  inches  for  the  required  fall.  In  this  example, 
the  nearest  number  to  486  found  in  the  Table  is 
486*801.  The  difference  '801  corresponds,  verynearly, 
to  ^ths  qf  an  inch  in  altitude,  and,  therefore,  the  true 
head  «^oording  to  the  rule  would  be  25'  5^'^ ;  but  for 
all  practical  purposes  the  difference  is  immaterial. 

By  means  of  Table  II.,  directly,  or  by  simple 
interpolation,  the  velocity  due  to  all  heights  from  T-iir 
part  of  an  inch  up  to  40  feet,  can  be  found,  and  the 
heights  from  the  velocities.  For  a  greater  height  than 
40  feet  it  may  be  divided  by  4,  9,  or  some  square 
number,  w*,  and  the  velocity  found  for  the  quotient, 
from  the  Table,  multiplied  by  2,  8,  or  n,  the  square 
root  of  the  divisor,  will  give  the  velocity  required. 

Example  4. — What  is  the  velocity  a^cquired  by  a  fall 

of  45  feet? 

45 

—  =11'  8'^  the  velocity  corresponding  to  which, 

found  from  the  Table,  is  823-007.  Hence,  828*007 
X  V4=  823-007  X  2  =  646''-014  =  68'  10^014  is 
the  velocity  per  second  required.  The  reverse  of  this 
example  is  equally  simple. 
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Columns  8,  4,  6,  6,  7,  8,  9, 10,  11,  and  12  in  the 
Table,  give  the  values  of  \/2gh  multiplied  by  the 
coeflScients  therein  stated.  These  columns  will  be 
found  of  great  practical  use  in  finding  the  mean 
velocities  in  the  vena-contracta,  in  the  orifice,  and  in 
short  tubes;  and  consequently,  also,  in  finding  the 
mechanical  force,  as  well  as  the  discharge.  An 
examination  of  the  coefficients  in  the  small  Tables  in 
Section  HI.,  and  also  of  those  in  Tables  I.  and  V., 
at  the  end  of  the  work,  will  show  how  much  they  vary ; 
but  those  most  generally  useful,  and  their  products  by 
the  theoretical  velocity  due  to  different  heads,  up  to  40 
feet,  are  given  in  the  columns  referred  to. 

Example  6. — What  is  the  discharge  from  an  orifice 
4  inches  by  8  inches,  the  centre  sunk  20  feet  below  the 
surface  of  a  reservoir  ? 

From   Table   II.,  is  found  430*676  inches  equal 

85*89  feet  for  the  theoretical  velocity  of  discharge : 

8x4        ^^^^        2        ^^^^       „^„^     ^. 
hence,      ^^^     x  85-89  =  9   x  85-89  =  7*976  cubic 

feet  per  second  is  the  theoretical  discharge.  If  the 
discharge  takes  place  through  a  thin  plate,  or  if  the 
inner  arrises  next  the  water  in  the  reservoir  be  per- 
fectly square,  and  the  water  in  flowing  out  does  not 
fill  the  passage  so  as  to  convert  the  orifice  into  a  short 
tube,  the  coefficient  is  found  from  Table  I.  to  be 
•608.  The  true  discharge  then  is  7*976  x  -608  = 
4'809  cubic  feet  per  second. 

For  the  determination  of  the  coefficient  suited  to 
any  particular  orifice,  and  the  circimistances  of  its 
position,  the  reader  must  refer  generally  to  the  follow- 
ing pages.    If  in  the  example  just  given,  the  arrises 

B  2 
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next  the  reservoir  were  rounded  into  the  form  of  the 
contracted  vein,  see  Fig.  4,  the  coeflScient  would 
increase  from  '608  to  '974  or  '956,  for  a  passage  not 
exceeding  a  couple  of  feet  in  length.  With  the 
former  the  discharge  would  be  7'976  x  '974  =  7*769 
cubic  feet,  and  with  the  latter  7'976  x  '956  =  7*625 
cubic  feet.  The  latter  results  may  bd  found  other- 
wise from  Table  II.  With  a  head  of  20  feet  and  the 
coefficient  '974,  the  velocity  is  419'48  inches  =  84'957 

2 

feet ;    hence,   the  discharge  is  g  x  34-957  =  7*768 

cubic  feet.    With  a  coefficient  of  '956,  the  velocity  is 

2 
411-73  inches  =  84-81  feet,  and   g   x  34-81  =  7*624, 

cubic  feet.  These  results  are  the  same,  practically, 
as  those  previously  found. 

If  the  inner  arrises  be  square,  and  the  passage  out 
be  from  18  inches  to  2  feet  long,  the  orifice  will  be 
converted  into  a  short  tube,  the  coefficient  for  which 
is  -815.  With  this  coefficient,  and  a  head  of  20  feet, 
find  as  before,  from  Table  II.,  the  mean  velocity 
of  discharge  851  inches   =  29*25  feet;   hence,  the 

2 

discharge  now  is    q    x   29-25    -  6*5  cubic  feet  per 

second. 

The  velocities  in  inches  per  second,  given  in  Tables 
II.  and  VIII.,  or  elsewhere  in  the  following  pages y  may 
be  converted  into  velocities  in  feet  per  minute,  by  mnUi' 

plying  by  5;  equal  j^- 

Example  6. — The  discharge  from  a  smaU  orifice 
having  its  centre  placed  10  feet  below  the  surface  of  a 
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reservoir  is  18  feet  per  minute,  what  toUl  be  the  discharge 
from  the  same  orifice  at  a  depth  of  17  feet  ? 

The  discharges  will  be  to  each  other  as  VlO  :  VlT, 
or  as  1  :  VV7 ;  or,  from  Table  HI.,  as  1  :  1-8038, 
whence  the  discharge  sought  is  equal  1'3038  x  18  = 
23-4684  cubic  feet. 

Example  7. — What  is  the  value  of  the  expression 
<^d  -1  1  H — rz~T  \  *^  equation  (46),  when  c^  =  '617, 
and  m  =  2  ? 

Here      ^^       -      '617^      ^  ^3807  ^ 
^^  ^2  -  c^^  -  4  _.  -6172  -  8-6193  "  ^^^^' 

whence  the  first  expression  becomes  equal  to  *617 
(1-1052)*  equal,  from  Table  HI.,  -617  x  1-0513  = 
-649,  the  value  sought.  Table  Y.  contains  the  values 
of  this  expression  for  various  values  of  c^  and  m, 
which  latter,  m,  stands  for  the  ratio  of  the  channel  to 
an  orifice ;  and  then  immediately  find  from  it,  opposite 
2  in  the  first  column,  and  under  the  coefficient  -617 
in  the  sixth  column,  '649  the  value  sought.  When 
the  head  due  to  the  pressure,  and  to  the  velocity 
of  approach,  are  both  known,  we  can  determine  the 
new  coefficient  of  discharge  by  the  above  expression, 
and  thence  the  discharge  itself.  The  coefficient 
suited  to  the  velocity  of  approach  may  however  be 
found  directly  in  Table  V.  The  usual  methods  for 
finding  the  effects  of  the  velocity  of  approach,  given 
by  d'Aubuisson  and  others,  are  incorrect  in  principle, 
see  Section  IV. 

Example  8. — What  is  the  discharge  from  an  orifice 
17  inches  long  and  9  inches  deep,  having  the  upper 
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edge  placed  4  inches  below  the  surface,  and  the  lower 

edge  18  inches  ? 

2  , 

The  expression  for  the  discharge  is  «  x  a v2  g  d 

^  ^*  {(^  "^  if  ""  &f]  ^V^^^^^  (^^)'  ^  ^^^^  ^^^ 
d  =  9  inches ;  At  =  4  inches ;  a  =  17  x  9  =  163 
square  inches ;  and   \/2yd,  found  from  Table  II.  = 

88*4  inches.      Also,  ^  =  '444,  and  hence  the  value  of 
d 

(1.444)1  _  (.444)J  =  (from  Table  IV.)  1-44. 

Assuming  the  coefficient  of  discharge  to  be  *617,  then 

the  discharge  in  cubic  inches  per  second  is  equal  to 

I-  X  168  X  88-4  X  -617  x  1*44  = 
8 

I  X  12760-2  X  -88848  =  7568. 
o 

Consequently,  ^         =  4*874  is  the  discharge  in  cubic 

feet  per  second.    From  equation  (6.),  the  discharge  is 
equal  to 

%  X  -617  X  27-8  X  17  X  {185  -  4^} 
o 

But  18*  -  4*  =  46-872  -  8,  from  Table  IV.,  equal 
to  88*872,  whence  the  discharge  is 

I  X  *617  X  27*8  X  17  X  88*872  =  11*4861  x  17  x 
tj 

88*872  =  194*8967   x   88*872  =  7667  cubic  inches 

=  4*874  cubic  feet,  the  same  as  before. 

It  is  shown,  equation  (81),  that  by  usmg  the  mean 

depth  for  orifices  near    the   surface,  the   discharge 

will  approximate  very  closely  to  the  true  discharge, 

and  that  even   for  weirs  the   error  will  not  exceed 
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6  per  cent.  The  discharge  is  then  expressed  by 
•617  V  2  g  X  Si  X  9  X  17  =  (from  Table  H.) 
50-01  X  158  =  7651-58  cubic  inches  =  4-427  cubic 
feet  per  second.  The  head  to  the  centre  of  the  orifice 
is  here  8^  inches,  and  the  depth  of  the  orifice  9  inches, 
therefore,  in  equation  (31),  A  =  d  very  nearly ;  and, 
therefore,  this  result  must  be  multiplied  by  '989,  as 
shown  in  that  equation ;  then  '989  x  4'427  =  4*878 
cubic  feet,  which  gives  a  result  differing  from  those 
otherwise  found,  by  a  very  small  quantity,  which, 
practically,  is  of  no  value.  By  means  of  Table  "VT. 
the  discharge  from  rectangular  orifices  near  the  surface 
can  be  found  with  very  great  facility. 

Tfce  discharge  from  an  orifice  near  the  surface  may 
always  he  found  with  sufficient  a>ccuracy,  for  practical 
purposes,  by  measuring  the  head  to  the  centre,  in  the 
same  manner  as  if  the  orifice  were  sunk  to  a  consider- 
able depth;  then  by  applying  the  corrections  given  in 
eqtuUion  (81) ;  or  if  the  orifice  be  circular,  those  given 
in  equation  (28);  sufficient  accuracy,  according  to  the 
correct  formula,  is  obtaindble. 

Example  9. — What  is  the  discharge  from  a  circular 
orifice  4  inches  in  diameter,  having  its  centre  placed  4 
inches  below  the  surface,  when  the  coeffi^cient  of  discharge 
is '617? 

The  area  of  the  orifice  is  4  x  4  x  -7864  =  12'66i6 
square  inches.  The  velocity  in  the  orifice  at  the  mean 
depth  of  4  inches,  with  a  coefficient  of  "617,  is  84'81 
inches,  whence  the  discharge  is  12*566  x  84*81  = 
481-189  cubic  inches  =  *2496  cubic  feet  per  second, 
or  14-97  cubic  feet  per  minute.  By  means  of  Table 
IX.  the  discharge  in  cubic  feet  per  minute  can  be 
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found  very  readily  when  the  velocity  (34"81  inches  per 

second)  is  known.     Thus, 

Inches.  Cabic  feet. 

For  a  velocity  of    80*00  the  diBchaige  is    18*089 

400  „        „  1-745 

30  „        „  0*181 

„  „  *01  „        „  0*004 

84*31  „        „  14*969 

By  applying  the  coefficient  found  from  equation 
(28),  which  is  '992,  when  the  depth  at  the  centre  is 
twice  the  radius,  as  it  is  in  this  example,  '992  x  14'97 
=  14*85  is  found  for  the  correct  discharge  in  cubic 
feet  per  minute.  Here  the  difference  in  the  results  is 
only  1  in  125. 

The  application  of  Table  VI.  enables  us  to  find 
the  discharge  from  rectangular  orifices  near  the  surface 
very  quickly.  Eesuming  '*  Example  8,"  the  discharge 
may  be  found  from  this  Table  for  each  foot  in  length 
of  the  orifice,  as  follows.  The  discharge  in  cubic  feet 
per  minute,  when  the  coefficient  is  '617  for  a  notch  1 
foot  long  and  18  inches  deep,  is  223'328 ;  and  for  a 
notch  of  4  inches  deep,  88*116;  therefore,  the  dis- 
charge from  an  orifice  9  inches  deep,  with  the  upper 
edge  4  inches  below  the  surface,  is  223*823  -  88*116 
=  185*207  cubic  feet  per  minute.  But  as  the  length 
of  the  orifice  is  17  inches,  this  must  be  multiplied  by 

17 

jof  and  the  product  262*877  is  the  discharge  in  cubic 

feet  per  minute ;  this  is  equal  to  a  discharge  of  4*378 
cubic  feet  per  second,  and  agrees  with  that  before 
found.  This  is  the  simplest  way  of  finding  the  dis- 
charge from  rectangular  orifices  near  the  surface. 
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Example  10. — What  is  the  discharge  in  cubic  feet 
per  minute,  from  an  orifice  2  feet  6  inches  long  and  7 
inches  deep,  the  upper  edge  being  8  inches  below  the 
swrface,  and  the  coefficient  of  discharge  '628  ? 

From  Table  VI.  the  discharge  from  a  notch  1  foot 
long  and  10  inches  deep  is  found  to  be  153*358,  and 
for  a  notch  8  inches  deep,  26'199.  The  difference,  or 
128-154,  multiplied  by  2J,  will  be  the  discharge 
required;  viz.  2J  x  128154  =  820-885  cubic  feet 
per  minute. 

Example  11. — The  size  of  a  channel  is  2*75  times 
the  size  of  an  orifice,  what  is  the  coefficient  of  discharge 
when  that  for  a  very  large  channel  in  proportion  to  the 
orifice  is  '628  ? 

From  Table  V.  the  coefficient  is  found  to  be  '645, 
when  the  approaching  water  suffers  full  contraction* 
By  attending  to  the  auxiliary  Tables  in  the  text,  we  find 

for  this  case,  ^^^i  =  2:75  =  '86.  Hence,  there- 
fore, multiply  2*75  by  '857,  which  gives  2*36  for  the  ratio 
of  the  mean  velocities  in  the  orifice  and  in  the  channel 
approaching  it.  With  this  new  value  of  the  ratio  of 
the  channel  to  the  orifice,  find,  as  before,  the  value  of 
the  coefficient  from  Table  V.  which  is  '651.  The 
remarks  throughout  the  work,  with  the  auxiliary  tables, 
will  be  found  of  much  use  in  determining  the  coeffi- 
cients for  different  ratios  of  the  channel  to  the  orifice, 
notch,  or  weir,  and  the  corrections  suited  to  each.  If 
in  this  example, — other  things  being  the  same, — the 
alteration  in  the  coefficient  for  a  notch,  or  weir,  had  to 
be  considered,  it  would  be  found  from  the  Table, 
column  4,  to  be  *672  instead  of  *645  found  in  column 


Digitized  by  VjOOQ  IC 


10  THE  DISCHARQE  OP  WATER  FROM 

8,  for  an  orifice  sunk  some  depth  below  the  surface. 
For  the  corrections  suited  to  mean  and  central  velocity, 
and  to  the  nature  of  the  approaches,  they  may  be 
found  in  the  body  of  this  work  and  in  the  auxiliary 
tables  at  the  end  of  Section  IV. 

Example  12. — What  is  the  discharge  aver  a  weir  50 
feet  long ;  the  circumstances  of  the  overfall,  crest,  and 
approaches,  being  such  that  the  coefficient  of  discharge 
is  '617,  when  the  head  measured  from  ike  water  in  the 
weir  basin,  6  feet  above  the  crest,  is  17 J  inches  ? 

Table  VI.  gives  the  discharge  in  cubic  feet  per 
minute,  over  each  foot  in  length  of  weir,  for  various 
depths  up  to  6  feet.  It  is  divided  into  two  ports  ;  the 
first  for  "  greater  coefficients,"  viz.  -667  to  -617  ;  and 
the  second  for  "lesser  coefficients,"  viz.  '606  to  '518. 
The  coefficient  assumed  being  '617,  the  discharge  over 
1  foot  in  length,  with  a  head  of  17J  inches,  is  found 
to  be  848-799  cubic  feet  per  minute;  hence  the 
required  discharge  is  50  x  848*799  =  17489-95  cubic 
feet. 

The  determination  of  the  coefficient  suited  to  the 
circumstances  of  the  overfall,  crest,  approaches,  and 
approaching  section,  will  be  found  discussed  elsewhere 
through  this  work.  The  valuable  Table  derived  from 
Mr.  Blackwell's  experiments  will  also  be  of  use ;  but 
the  heads  being  taken  at  a  much  greater  distance  back 
from  the  crest  than  is  generally  usual,  the  coefficients 
taken  from  it  for  heads  greater  than  5  or  6  inches,  will  be 
found  less  than  the  ti*ue  ones  for  heads  measured  imme- 
diately at  or  about  6  feet,  above  the  crest.  For  heads 
measured  on  the  crest,  the  small  Table  of  coefficients  in 
Section  III.,  applicable  to  the  purpose,  will  be  of  use. 
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Example  13. — What  is  the  mean  velocity  in  a  large 
channel,  when  the  ma^mum  velocity  along  the  central 
line  of  the  surface  is  31  inches  per  second  ? 

Table  VII.  gives  26*89  inches  for  the  required 
velocity,  and  for  smaller  channels  24*86  inches.  In 
order  to  find  the  mean  velocity  at  the  surface  from  the 
maximum  central  velocity,  the  latter  must  be  multiplied 
by  *914. 

The  velocity  at  the  surface  is  best  found  by  means 
of  a  floating  hollow  ball,  which  just  rises  out  of  the 
water.  The  velocity  at  a  given  depth  is  best  found  by 
means  of  two  hollow  balls  connected  with  a  link,  the 
lower  being  made  heavier  than  the  upper,  and  both  so 
weighted  by  the  admission  of  a  certain  quantity  of 
water  that  they  shall  float  along  the  current,  the  upper 
one  being  in  advance  but  nearly  vertical  over  the  other. 
The  velocity  of  both  will  then  be  the  velocity  at  half 
the  depth  between  them.  The  velocity  at  the  surface, 
found  by  means  of  a  single  ball,  being  also  found,  the 
velocity  lost  at  the  half  depth  is  had  by  subtracting  the 
common  velocity  due  to  the  linked  balls  from  that  of 
the  single  ball  at  the  surface.  The  velocity  at  any 
given  depth  is  then  easily  found  by  a  simple  proportion ; 
but  the  result  will  be  most  accurate  when  the  given 
depth  is  nearly  half  the  distance  between  the  balls, 
which  distance  can  never  exceed  the  depth  of  the 
channel.  Pitot's  tube,  Woltmann's  tachometer,  the 
kydrometric  pendulum,  the  rheometer,  and  several  other 
hydrometers,  have  been  used  for  finding  the  velocity ; 
but  these  instruments  require  certain  corrections  suited 
to  each  separate  instrument,  as  well  as  each  kind  of 
instrument,   and  are  not  so  correct  or  simple,  for 
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for  measuring  the  velocity  in  open  channels,  as  a  ball 
and  linked  balls.  In  general  the  surface  maximum 
velocity  can  be  found  by  throwing  in  a  rag-weed,  or 
some  other  plant,  and  observing  the  time  it  is  carried 
over  a  given  distance,  say  from  80  to  100  feet  or  more, 
according  to  the  circumstances  of  the  channel;  and 
multiplying  the.  velocity  so  found  by  '88  to  find  the 
mean  velocity.  If  the  velocity  at  the  surface  be  taken 
at  several  sections,  between  the  centre  and  the  banks, 
the  multiplier  should  be  increased  to  *91. 

Example  14. — What  is  the  discha/rge  from  a  river 
having  a  surface  inclination  of  18  inches  per  mile,  or 
1  in  8520,  40  feet  wide,  toith  nearly  vertical  ba/nks,  and 
3 feet  deep? 

The  area  is  40  x  3  =  120  feet,  and  the  border 
40  +  2  X  8  =  46  feet ;  therefore  the  hydraulic  mean 

depth  is  *^  =  2-61  feet  =  2  feet  7'8  inches.*  With 
this  and  the  inclination  we  find  from  Table  VIII. 

28-27  +  2-75  x    1^  =  28-87  inches  per  second  = 
6 

28-87  X  6  =  144*85  feet  per  minute  for  the  mean 

velocity;  hence  144*85  x  120  =  17,822  cubic  feet  per 

minute  is  the  required  discharge.     For  channels  with 

sloping  banks  divide  the  border,  which  ig  always  known, 

into  the  area  for  the  hydraulic  mean  depth,  with  which, 

and  the  surface  inclination,  find  the  velocity  by  Table 

ym.,  and  thence  the  discharge.     Unless  the  banks  of 

♦  For  greater  hydraulic  depths  than  144  inches,  the  extent  of  the 
Table,  divide  by  9,  and  find  the  corresponding  velocity.  This  multi- 
plied by  8  will  be  the  velocity  sought.  Or  divide  by  4  and  multiply 
by  2. 
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rivers  be  protected  by  stone  pavement  or  otherwise, 
the  slopes  will  not  continue  permanent ;  it  is  therefore 
almost  useless  to  give  the  discharges  for  channels  of 
particular  widths  and  slide  slopes.  When  the  mean 
velocity  is  once  known,  the  remaining  calculations  are 
those  of  mere  mensuration,  and  they  should  be  made 
separately.  This  example  may  also  be  solved,  prac- 
tically, by  means  of  Tables  XI.  and  XII.  A  channel 
40  X  8  has  the  same  conveying  power  as  one  70  x  2, 
Table  XI.,  which  latter.  Table  XII.  discharges  with 
a  fall  of  18  inches  in  the  mile,  17,157  feet ;  or  about 
one  per  cent,  less  than  that  previously  found. 

Example  16. — The  diameter  of  a  very  long  pipe  is 
1^  inch,  and  the  rate  of  inclination,  or  whole  length  of 
the  pipe  divided  by  the  whole  faU,  i«  1  in  71  ^ ;  what  is 
the  discharge  in  cubic  feet  per  minute  ? 

The   hydraulic   mean    depth,   or  mean  radius,   is 

—    =   '375  inch  =  ~  inch.       Consequently     from 
4  8 

Table  VHE.  the  velocity  in  inches  per  second  is  equal 

to  25-09  -  1-92  X   i^  =  26-09  -  '29  =  24-80.     The 
10 

discharge  in  cubic  feet  per  minute  for  a  1^-inch  pipe 

is  now  found  most  readily  by  means  of  Table  DC.,  as 

follows : — 

Inches.  Cubic  feet. 

For  a  velocity  of    20  0    the  dischaige  is    1*227 
^•0         „  „  -245 

»»  >»  'S  99  9*  *^^^ 

„        24-8         „  „        1-521 

Whence  the  discharge  in  cubic  feet  per  minute  is 
1-521. 
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For  short  pipes,  of  100  or  200  feet  in  length,  and 
under,  the  height  due  to  the  velocity  and  orifice  of 
entry  must  be  deducted  from  the  whole  height  to  find 
the  proper  hydraulic  inclination,  and  also  the  height 
due  to  bends,  curves,  cocks,  slides,  and  erogation. 
The  neglect  of  these  corrections  has  led  some  writers 
into  mistakes  in  appl3n[ng  certain  formula,  and  in 
testing  them  by  experimental  results  obtained  with 
short  pipes.  The  Tables  shall  now  be  applied  to  the 
determination  of  the  discharge  from  short  pipes,  and 
the  results  compared  with  experiment,  referring 
generally  to  equation  (158  a)  and  the  remarks  preceding 
it  for  a  correct  and  direct  solution. 

Example  16. — Wliat  is  the  discharge  incvbicfeetper 
minute  from  a  pipe  100  feet  long,  with  a  fall  or  head  of 
85  inches  to  the  lower  end,  when  the  diameter  is  IJ  inch? 
Find  also  the  discharge  from  pipes  80  feet,  60  feet,  40 
feet,  and  20  feet,  of  the  same  diameter  and  having  the 
same  head. 

If  the  water  be  admitted  by  a  stop-cock  at  the  upper 
end,  the  coefficient  due  to  the  orifice  of  entry  will 
probably  be  about  '75  or  less,  '815  being  that  for  a 
clear  entry  to  a  short  cylindrical  tube.  The  approxi- 
mate inclination  is rrz =  1  in  84*3 ;  but  as  a 

portion  of  the  fall  must  be  absorbed  by  the  velocity 

and  orifice  of  entry,  it  may  be  assumed  for  the  present 

that  the  inclination  is  1  in  85.     With  this  inclination 

li      8 

and  the  mean  radius  -^  =  -  inch,  we  find  the  mean 

4       8 

velocity  from  Table  VIII.  to  be  88*06  inches.    Now 

when  the  coefficient  due  to  the  orifice  of  entry  and 
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velocity  is  '75,  from  Table  II.  the  head  due  to  this  velo- 
city is  8f  inches  nearly,  whence  35--3|  =  31f  =  81*625 

100   X   12 
inches  is  the  height  due  to  friction,  and  . 

equals  1  in  87*9,  the  inclination,  very  nearly.  With 
this  new  inclination  find,  as  before,  from  Table  VIII. 
the  mean  velocity  of  discharge  which  is  now  36'35 
inches ;  and  by  repeating  the  operation  the  velocity  to 
any  degree  of  accuracy  is  found  in  accordance  with  the 
table ;  and  the  shorter  the  pipe  is,  the  oftener  must  it 
be  repeated.  The  height  due  to  36*35  inches  taken 
from  Table  II.  as  before,  with  a  coefficient  of  *750, 
is  3^  =  3*125  inches.     The  corrected  fall  due  to  the 

^.  ..      .  «.      «.«K      «,  o^.       .    1200 

friction  IS  now  35  —  3*125  =  81*875,  and  -  equal 

1  in  87*6,  the  corrected  inclination.  With  this 
inclination  the  corrected  velocity  is  now  36*53  inches 
per  second.  It  is  not  necessary  to  repeat  this  operation 
again.  The  discharge  determined  from  Table  IX.  is 
as  follows : — 

Inches.  Cnbic  feet. 

For  a  velocity  of    80*00  the  discharge  is    1*841 

„  „  6-00  „  „  -868 

•50  „  „  -031 

•03         „  „  -002 

„        36-58  „  „        2-242 

The  experimental  discharge  found  hy  Mr.  Provis  was 
2*264  cubic  feet  per  minute  in  one  experiment,  and 
2*285  in  another.  The  discharge  from  the  shorter 
pipes  may  be  found  in  a  similar  manner,  and  the 
results  placed  alongside  the  experimental  ones  given 
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in  the  work  referred  to  below  *  are  inserted  in  the  fol- 
lowing short  table : — 

EXPERIHEKTAL  AND  CALCULATED  DI8CHABQEA  FROM  8H0BT  PIPES. 


f 

i 

B. 

ll 

> 

If 

S 

u 

p 

i£| 

if 

11 

100 

85 

2-275 

87-082 

3i 

811 

87-6 

86-58 

2-242 

80 

35 

2-600 

40-750 

8} 

81J 

80-8 

41-18 

2-521 

60 

85 

2-874 

46-846 

5 

80 

240 

48-02 

2-946 

1    40 

85 

8-504 

67-115 

7i 

274 

17-5 

58-60 

8-590 

20 

85 

4-528 

78-801 

124 

22i 

10-7 

78-61 

4-824 

The  velocities  in  the  fourth  column  have  been  cal- 
culated by  the  author  from  the  observed  quantities 
discharged,  from  which  the  height  due  to  the  orifice 
of  entry  and  velocity  in  column  6  is  determined,  and 
thence  the  quantities  in  the  other  columns  as  above 
shown.  The  differences  between  the  experimental 
and  calculated  results  are  not  large,  and  had  a  lesser 
coefficient  than  '750  been  used  for  calculating  the 
reduction  of  head  due  to  the  velocity,  stop-cock,  and 
orifice  of  entry,  say  '715,  the  calculated  results,  and 

*  **  Transactions  of  the  Institution  of  Civil  Engineers,*'  vol.  ii. 
p.  208.  "  Experiments  on  the  Flow  of  Water  through  small  Pipes.*' 
By  W.  A.  Provis.  The  small  Tables  in  Sections  VI.  and  VIII.  of  this 
edition  give  at  once  the  coefficient  to  be  multiplied  by  V  2  ^  h, 
o^  8  Vli^  to  find  the  velocity  when  the  ratio  of  the  diameter  to  the 
length  of  the  pipe  is  known.  They  will  be  found  of  great  advantage 
in  calculating  directly  the  velocity  irom  short  pipes.  For  long  pipes, 
see  the  Tabus  at  the  end  of  this  Section. 
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those  in  all  of  Mr.  Provis's  experiments  in  the  work 
referred  to,  would  be  nearly  identical.* 

Example  17. — It  is  proposed  to  supply  a  reservoir 
near  the  town  of  Drogheda  with  water  by  a  long  pipe, 
having  an  inclination  of  1  in  480,  the  daily  supply  to 
be  80,000  cubic  feet ;  what  must  the  diameter  of  the 
pipe  be  ? 

The  discharge  per  minute  must  be    ^\ ,,,     =   56  t 

1440 

cubic  feet,  nearly.  Assume  a  pipe  whose  "  mean 
radius "  is  1  inch,  or  diameter  4  inches,  and  the 
velocity  per  second  found  from  Table  VIII.  will  be 
14*41  inches.     Then  from  Table  IX., 

Inchea.  Cubic  feet 

For  a  velocity  of    10*00    a  discharge  of    4*368 

4-00        „  „       1745 

»>  „  '^0        „  „         '175 

•01        „  „         -004 

„        14-41        „  „       6-287 

The  discharge  from  a  pipe  4  inches  in  diameter  would 
be  therefore  6*287  cubic  feet  per  minute.     Then 

43 :  c^  : :  6-287  :  56,  or  1 :  d? : :  "196  :  56  : :  1  :  286  ; 
therefore  di  =  286,  and  d  =  9*61  inches,  nearly,  as 
may  be  found  from  Table  XIII.,  &c.  This  is  nearly 
the  required  diameter.  It  is  to  be  observed  that  the 
diameters  thus  found  will  not  always  agree  exactly 

*  In  a  late  work,  ''Researches  in  Hydraulics,**  the  author  is  led  into 
a  series  of  mistakes  as  to  the  accuracy  of  Dn  Bu&t's  and  several  other 
fonnuke,  from  neglecting  to  take  into  consideration  the  head  due  to  the 
relodty  and  oriiice  of  entry  when  testing  them  by  the  experiments 
abore  referred  to.Seeand  Edition. 

t  "  Hydraulic  Tables,"  "Wealo,  1854,  give  at  once  this  discharge  for  a 
pipe  between  9  and  10  inches  in  diameter,  also  the  Table,  p.  28. 

0 
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with  those  found  from  Du  Boat's  or  other  formul©, 
nor  with  each  other,  because  the  discharges  are  not 
strictly  as  (f* ;  but  in  practice  the  difference  is  imma- 
terial, and  the  approximative  value  thus  found  can  be 
easily  corrected.  If  a  pipe  whose  diameter  is  1,  were 
assumed,  the  operation  would  have  been  more  sunple ; 
for  the  velocity  would  then  be.  Table  VIII.,  at  the 
given  inclination,  6'4  inches ;  and  the  discharge  '175 

cubic  feet.  Table  IX.    Hence  di  =  -^    =  320,  and, 

*175 

therefore,  Table  XIII.,  d  =  10  inches  nearly,  which 

differs  about  half-an-inch  from  the  former  value,  9*6 

inches,  found  by  assuming  a  pipe   of   4   inches  to 

calculate  from.    It  is  necessary  to  understand  that 

different  results  must  be  expected,  in  working  from 

practical  formulae,  for   different  operations.      When 

once  an  approximate  value  is    obtained,  it  can  be 

easily  corrected  to  any  required  degree  of  accuracy. 

Again,  the  velocity  in  inches  per  second,  from  a 

cylindrical  pipe  6  inches  in  diameter ,  is  nearly  equal  to 

the  discharge  in  cubic  feet  per  minute ;  and  as  6^  = 
88'2,  then  88*2  :  d  :  :  the  velocity  in  inches  per 
second  from  a  6-inch  pipe  :  the  discharge  per  minute 
from  a  pipe  whose  diameter  is  d.  Hence  this  pro- 
position gives,  very  nearly,  the  discharge  from  the 
diameter  and  fall ;  or  the  diameter  from  the  discharge 
and  fall  by  finding  the  velocity  only,  due  to  a  6-inch 
pipe.     See  Tables  pp.  28  and  29. 

Example  18. — The  area  of  a  cha/nnel  is  SO  square 
feet,  and  the  border  20*6  feet ;  the  surface  has  an  in- 
clination  of  4  inches  in  a  mile;  what  is  the  mean 
velocity  of  discharge} 
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50 


or.  ^  =  2-427  feet  =  29*124  inches  is  the  hydraulic 

2U*0 

mean  depth;  and  from  Table  VIII.,  12-03  — 
g — -    =    12-03   -  -19  =  11-84  inches  per 

second  is  the  required  velocity.  Though  this  velocity 
will  be  found  under  the  true  value  for  straight  clear 
channels,  it  will  yet  be  more  correct  for  ordinary  river 
courses,  with  bends  and  turns,  of  the  dimensions 
given,  than  the  velocity  found  from  equation  (114.). 
For  a  straight  clear  channel  of  these  dimensions, 
Watt  found  the  mean  velocity  to  be  13-5  to  14  inches ; 
that  is  to  say,  17  at  top,  10  at  bottom,  and  14  in  the 

middle.      The  author's  formula  v  =   140  (r  «)*  — 

11  (r  $^  gives  v  =  1*143  feet,  or  nearly  a  mean  of 
these  two. 

Example  19. — A  pipe  5  inches  in  diameter,  14,637 
feet  in  length,  has  a  fall  of  44  feet;  what  is  the  dis- 
charge in  cubic  feet  per  minute  ? 

The  inclination  is  — 'tj-^  =  332-7,  and  mean  radius 
44 

J  =  IJ.     Then  find  from  Table  VIII.  the  velocity 

which  is  equal  to  1981  +  '^^^  /'^   =  19-81  +  '16 

12*5 

=  19-97,  or  20  inches  per  second  very  nearly ;  and 

by  Table  IX.  the  discharge  in  cubic  feet  per  minute 

is,  as  before  found  to  be,  13*635.     The  Table,  p.  28, 

gives,  by  inspection,  13*6  feet. 

Example  20. — What  is  the  velocity  of  discharge  from 

a  pipe  or  culvert  4  feet  in  diameter,  having  a  fall  of 

Ifoot  to  a  mile? 

c  2 
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Here  s  = 


5280' 


and  r  =  1  foot.      Next  we  find 


the  velocity  of  discharge  from  Table  VIII.  which  is 
14'09  inches,  equal  to  1'174  feet  per  second.  By 
calculating  from  the  different  formulfle  referred  to 
below,  the  velocities,  when  r  «  =  •0001894,  and 
Vy7=  '01876,  are  as  follows. 


Reduction  of  Da  Bnftt's  formula equation 

„  Girard*8  da  (Canals  with  aquatic 

plants  and  very  slow  velocities) 
Prony's  do.  (Canals) .... 
Prony's  formula  (Pipes).  .  . 
Prony's  do.  (Pipes  and  Canals) 
Eytelwein's  do.  (Rivers)  .  . 
Eytelwein's  do.  (Rivers).  .  . 
Eytelwein's  do.  (Pipes) .  .  . 
Eytelwein's  do.  (Pipes)  .     .     . 

Dr.  Young's  do 

•D'Aubuisson's  do.  (Pipes)  .     . 
*D*Aubui88on's  (Rivers)  .    .     . 
The  writer's  do.   (Clear  straight 
Channels  with  small  velocities) 
Weisbach's  do.  (Pipes)  .... 
The  author's,  for  Pipes  and  Rivers 


VdodlT 

in  feet. 

(81.)  1174 

(86.)     -521 

(88.)  1-201 

(90.)  1-257 

(92.)  1-229 

(94.)  1-200 

(96.)  1-285 

(98.)  1-864 

(99.)  1-350 

(104.)  1-120 

(109.)  1-269 

(111.)  1-199 

(114.)  1-268 

ai9.)  1-286 

(119A.)  1-296 

This  example  is  calculated  from  the  several  formula 
above  referred  to,  whether  for  pipes  or  rivers,  in  order 
that  the  results  may  be  more  readily  compared.  The 
formula  from  which  the  velocities  and  tables  for  the 
discharges  of  rivers  are  usually  calculated  is,  for 
measures  in  feet,  v  =  94'17  VTX  This  gives  the 
mean  velocity,  for  the  foregoing  example,  equal  to 

*  These  two  formulae  of  D'Aubuisson^s  are,  simply,  adoptions  of 
Eytelwein's  and  Prony's. 
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1'295  feet  per  second.  This  is  the  same  as  is  found 
from  the  author's  general  formula  for  all  velocities ; 
but  the  particular  expression,  v  =  99'17  ^/r8,ia  only 
suited  for  velocities  of  about  15  inches  per  second ; 
the  results  found  from  it  for  lesser  velocities  are  too 
much,  and  for  higher  velocities  too  little,  if  bends  and 
curves  be  allowed  for  separately.  For  ordinary  practi- 
cal purposes  the  result  of  Du  Bu&t*8  general  formula, 
equation  (81),  may  be  safely  adopted;  and,  accord- 
ingly, the  results  in  Table  VIII.  calculated  for  the 
first  edition  from  it,  have  been  retained,  notwith- 
standing the  greater  accuracy  and  simplicity  of  the 
general  equation  (119  a)  for  the  velocity  in  pipes  and 

rivers,  viz.,  v  =  140  (r  s)^  —  11  (r  «)». 

Dr.  Young's  formula  gives  lesser  results  for  rivers 
and  large  pipes  than  Du  Buat's,  but  they  are  too 
small  unless  when  the  curves  and  bends  are  nimierous 
and  sudden.  Girard's  formula  (86.)  is  only  suited  for 
small  velocities  in  canals  containing  aquatic  plants, 
and  it  is  entirely  inapplicable  to  rivers  or  regular 
channels  for  conveyance  of  water.  A  knowledge  of 
various  formulse,  and  their  comparative  results,  applied 
to  any  particular  case,  will  be  found  of  great  value  to 
the  hydraulic  engineer,  and  the  diflferences  in  the 
results  show  only  an  amount  of  error  that  may  be 
expected  in  all  practical  operations,  and  which 
becomes  of  less  importance  when  it  is  considered  that 
by  increasing  the  dimensions  of  a  channel  every  way, 
by  only  one-third,  its  discharging  power  is  more  than 
doubled.     See  Table  XIH. 

Example  21. — Water  flotoing  down  a  river  rises 
to  a  height  of  lOJ  inches  on  a  weir  62  feet  long ;  to 
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what  height  will  the  same  quantity  of  water  rise,  on 
a   weir    similarly    circumstanced,    120    feet     long  f 

^|^=*517,  nearly. 

In  Table  X.  is  found,  by  inspection,  opposite  to 
*517,  the  ratio  of  the  lengUis,  the  'coefficient  '644, 
rejecting  the  fourth  place  of  decimals ;  whence  10^ 
X  •644=6*76  inches,  the  height  required.  When  the 
height  is  given  in  inches  it  is  not  necessary  to  take 
out  the  coefficient  to  further  than  two  places  of  de- 
cimals. 

Example  22. — The  head  on  a  weir  220  feet  long 
is  6  inches ;  what  will  the  head  he  on  a  weir  60  feet 
long,  similarly  circumstanced,  the  same  quantity  of 
water  flotving  over  each  ? 

^=•278. 
220 

As  this  lies  between  '27  and  '28,  from  Table  X. 

the  coefficent  -4208  is  found;   hence    -tItt^^  14*26 

•42O8 

inches,  the  head  required. 

Table  X.  will  be  found  equally  applicable  in  finding 
the  head  above  the  pass  into  weir  basins,  and  above 
contracted  water  channels.     See  Section  X. 

Example  23. — A  river  channel  40  feet  wide  and 
4*5  feet  deep  is  to  be  altered  and  widened  to  70  feet ; 
what  miLst  the  depth  of  the  new  channel  be  so  that  the 
surface  inclination  and  discharge  shall  remain  un- 
altered ? 

In  "  Table  XI.,  of  equally  discharging  rectan- 
GULAB  Channels,"  opposite  to  4*64,  in  the  column  of 
40  feet  widths,  8  is  found  in  the  column  of  70  feet 
widths,  which  is  the  depth  required  in  feet. 
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Example  24. — It  %$  necessary  to  unwater  a  river 
channel  70  feet  wide  and  1  foot  deep,  by  a  rectangular 
side  cut  10  feet  wide ;  whit  must  the  depth  of  the  side 
cut  he,  the  surface  inclination  remaining  the  same  as  in 
the  old  channel  ? 

In  Table  XI.  is  found  4'5  feet  for  the  required 
depth.  When  the  width  of  a  channel  remains  con- 
stant, the  discharge  varies  as  Vrs  X  d,  in  which 
d  is  the  depth;  and  when  the  width  is  very  large  com- 
pared with  the  depth,  the  hydraulic  mean  depth  r 
approximates  very  closely  to  the  depth  d,  and  there- 
fore d=r;  consequently  the  discharge  then  varies  as 

d*  X  «■,  and  when  the  discharge  is  given  (P  must  vary 

inversely  as  «*;    or    more  generally  dr^  must    vary 

inversely,  as  s^,  when  the  width  and  discharge  remain 
constant. 

In  narrow  cuts  for  unwatering,  it  is  prudent  to 
make  the  depth  of  the  water  half  the  width  of  the 
cut  very  nearly,  when  local  circumstances  admit  of 
these  proportions ;  for  then  a  maximum  effect  will  be 
obtained  with  the  least  possible  quantity  of  excava- 
tion; but  for  rivers  and  permanent  channels  the 
proper  relation  of  the  depth  to  the  width  must  be 
r^ulated  by  the  principles  referred  to  in  Section  IX. 

Table  XI.  is  equally  applicable,  whether  the  mea- 
sures be  taken  in  feet,  yards,  or  any  other  standards 
whatever. 

Example  25. — A  new  river  channel  is  to  have  a 
fall  of  eighteen  inches  in  a  mile,  and  must  discharge 
18,700  cubic  feet  per  minute ;  what  shall  the  dimen- 
sions be? 
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In  Table  XT!.,  in  the  column  of  18  inches  per 
mile,  opposite  to  18,7669  it  is  seen  that  a  primary 
channel  70  X  2*125  will  be  snfficient ;  and  opposite  to 
2*125  in  Table  XI.  it  is  also  seen  the  equivalent 
rectangular  channels  60  X  2*87  ;  60  x  2*70 ;  40  x 
8*19;  85x8*52;  80x8*96;  25x4*61;  20x5*58; 
15x7*29;  and  10x11*87,  to  select  from.  If  the 
side  have  any  given  slopes,  the  discharge  will  not  be 
practically  affected  as  long  as  the  depth  and  area  of 
the  rectangular  channel  and  the  one  with  sloping 
banks  remain  the  same.     See  Section  IX. 

Example  26. — A  pipe  100  feet  long  and  1  inch  in 
diameter  has  a  head  of  160  feet  over  the  lower  end, 
what  will  be  the  discharging  velocity  ? 

Here  r=*020888  in  feet,  and  «=1*6,  therefore 
rfi=*08125.    Hence    by  formulsB    (119a)    t?=:140x 

(*08125)*-llx  (-08125)5=140  x  *1766  -  11  x  *815 
=  24*724  -  8*466  =  21*269  feet  per  second.  If 
allowance  is  required  for  the  orifice  of  entry,  the 
velocity  is  corrected  as  follows.  A  square  orifice  of 
entry  has  a  coefficient  of  '815.  The  head  due  to  this 
coefficient  for  a  velocity  of  about  20i  feet,  or  246 
inches,  is  about  10  feet.  Table  II. — The  head  due  to 
friction    is    therefore    150—10  =  140    feet,    and    s 

=?:^z=l-4;  r  s  now  becomes  1*4  x  *020888=:*02917. 
140 

Hence  v= 140  Vr  s  ""H  y/  r  s  ^^^  becomes  140 x 

•171-11  x*308  nearly,   equal  to  23-940-8*888=: 

20*552  feet,  the  velocity  for  a  square  junction. 

Example  27. — A  sewer  9  feet  in  diameter  has  a 

fall  of  2  feet  per  mile,  what  will  be  the  velocity  and 

discharge  of  water  flowing  through  it  whenfvU  ? 
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Here  r=2-25  and«=2^,  therefore  r«=-0008528, 

(r«)i  = -02919   and   (r«)*=-0948;    and  by  fennnla 

(119A),t;=140(r«)5-ll(r«)i=  140  X  -02919-11  X 
•0948=  4'0866  —  1-0428  =  8-0438  feet  per  second. 
Hence  the  discharge  per  minute  is  9*  X  '7854  x 
3-0438  X  60=63-62  x  182*6  =  11,617  cubic  feet 
nearly.  The  velocity  from  a  circular  pipe  or  sewer 
is  however  greatest  when  the  circumference  is  open 
for  about  78^  degrees  at  the  top,  but  the  velocity 
of  sewage  matter  would  not  be  equal  to  that  of 
water.  It  would  vary  according  to  the  dilution  in  the 
sewer,  and  60  per  cent,  should  be  allowed,  at  least, 
in  deduction,  unless  the  dilution  be  very  consi- 
derable. 

The  Table  for  the  values  of  r  «  and  r,  calculated 
from  the  formula  (119  a)  Sec.  VHI.,  will  give  the 
velocity  at  once  when  r  «  is  known,  and  r  s  when 
the  velocity  is  known,  from  the  latter  of  which  a 
definite  value  oi  f  ox  $  can  be  fixed  upon,  when  the 
other  may  be  then  found,  by  an  operation  of  simple 
division. 

Example  28. — Water  is  to  he  pumped  through  a 
pipe  3000  feet  long  and  2  feet  in  diameter,  with 
a  velocity  not  exceeding  4  feet  per  second,  what  head 
must  he  aUowed  extra  for  friction  in  the  pipe  when 
calculating  horse  power  ? 

From  the  Table  of  the  values  of  the  velocity  and 
products  of  the  hydraulic  mean  depth  and  hydraulic 
inclination,  given  near  the  conclusion  of  Section  VHI., 
that  for  a  velocity  of  4  feet  per  second  r«= -00142. 
The  diameter  of  the  pipe  is  2  feet,  therefore  r='^. 
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whence  «=*-^^l^= -00284,  and  as  the  length  of  the 

pipe  is  8000  feet  we  get  3000  X  -00284  =  8*52  feet, 
the  head  required.  The  Table  p.  29,  would  give  9*6 
feet  nearly,  which  corresponds  with  Du  Bu&t's  for- 
mula. If  the  velocity  in  the  pipe  were  10  feet  instead 
of  4  feet  per   second,  then  from    the    table,   r  « = 

^676,    and   ^-?=,,:=-?0^=-015152,  and  there. 

fore,  ^=Z«=8000  x  -015152  =  45'456  feet,  or  about 
six  times  as  much  as  when  the  velocity  was  only  4 
feet  per  second.  The  great  loss  of  head  arising  from 
pumping  at  high  velocities,  from  friction  alone,  is 
therefore  apparent.  Were  the  velocity  double,  or  8 
feet  per  second,  the  head  would  be  30  feet  nearly,  or 
from  the  Table,  p.  29,  81-6  feet. 

For  velocities  of  about  2*1  feet  per  second,  v.  is 
equal  to  100  s/TJ,  and  for  velocities  of  about  5  J  feet 
per  second,  v  =  110  V77.  If  I  be  the  length  of  a 
pipe,  it  would  be  found  in  the  former  case  tiiat  the 
head,   h,  in  feet  due  to  friction  from  the  formula  is 

'*  ==  TA  AAA^  =  ^ «»  a^ad  in  the  latter  h  = 


10,000r  "  "  *•  »"^  "^  "^^  ^"^^  '*  =    I2,100r 
=  Is. 

In  questions  of  this  kind,  however,  the  diameter  of 
a  pipe,  d  should  be  used  in  preference  to  the  hydraulic 
mean  depth,  and  as  d  =  4  r  it  will  be  foimd  in  the 

first  case  that  h  =    oSood  ~  ^  *  *  *"^^  ^  *^®  second 


case,  h  -  qq^^  d  —  ^  *- 


[)25< 
If  it  be  necessary  to  substitute  the  fall  per  mile  for 
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the  hydraulic  inclination,  the  first  of  these  will  again 
become  h  =    — ^ —  =  Z  «  for  the  loss  per  mile  ;  and 

1*72  f? 
in  the  second  case,  h  =    — -i — •    =  i  «  for  the  loss  per 

mile  in  feet. 

If  the  velocity  were  so  slow  as  about  1  foot  per 
second,  then  v  =  90  V  r  «,  and  we  should  find  h  = 

2025  rf  -  ^  *• 

If  for  the  inclination  the  fall  per  mile  be  substituted, 

2*61  v^ 
this  will  become  h  =  — -^ —  =  I  8;  for  the  loss  per 

mile  in  feet. 

The  loss  of  head  varies  in  the  same  pipe  with  the 
velocity,  and  must  be  calculated  differently,  for  small 
and  for  high  velocities,  when  using  the  common  for- 
mulfie.  The  Table  near  the  end  of  Section  VIII. 
will  always  give  the  correct  value  of  r  8,  and  thence  8 

*"   r 

In  addition  to  the  loss  of  head  arising  from  Mction, 
losses  also  occur  firom  straight  or  curved  bends,  from 
diaphragms,  from  junctions,  and  from  the  orifices  of 
entry  and  discharge;  these  must  be  determined 
separately  for  each  case,  as  is  shown  hereafter,  and 
added  together,  including  the  loss  of  head  arising  from 
friction.  The  sum  must  then  be  added  to  the  height 
the  water  is  to  be  raised,  before  the  full  or  total  head 
for  determining  the  power  of  an  engine  can  be  accu- 
rately known. 

The  Table  on  the  two  following  pages  will  be  found 
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TJiMLB/nrJhtdtng,  9try  fM«rfv,  ikt  pdoeitjf  and  iitthmrf  finm  CvUndrieml  WaUr  Pipe$  or  Sewtrf 
whtm  the  HmmHtr  and  /«U  mr«  pivtn.  An^  t^e  of  tkt  four  fuantiUet,  tJko  oekttttu,  diotktugo 
dimmtttr.  attdfaU  or  tfMUiiaf<oii»  komf§iten,  the  oihon  otm  be  found  in  tsb  rtMiMfrom  inepee- 
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of  great  practical  utility  in  solving  all  questions  con- 
nected with  water-pipes  and  sewers  discharging  fully- 
diluted  sewage.  In  using  it,  interpolate,  by  inspection, 
for  intermediate  diameters  or  inclinations.  For  greater 
diameters,  divide  those  given  by  4,  and  multiply  the 
corresponding  velocity  found  in  the  table  by  2,  and 
the  corresponding  discharge  in  the  table  by  82.  If 
the  object  be  to  find  the  size  of  the  channel,  divide 
greater  given  velocities  by  2,  and  multiply  the  diameters 
or  inclinations  foimd  from  the  table  by  4 ;  also  divide 
greater  discharges  by  82,  and  multiply  the  diameters 
found  from  the  table  by  4.  The  small  auxiliary  table, 
p.  29,  embodied  in  the  larger  one,  is  of  great  use  in 
making  allowance  for  the  velocity  and  orifice  of  entry 
in  short  pipes,  before  finding  the  head  due  to  friction. 
The  table  also  gives  the  different  diameters  and  incli- 
nations which,  taken  together,  give  the  same  velocity 
or  discharge ;  and  it  enables,  from  inspection,  to 
select  that  relation  of  diameter  to  declivity  which  is 
best  suited  for  other  engineering  aspects  of  the  ques- 
tion.  Taken  in  connexion  with  Tables  VIII.,  XI., 
XII.,  and  Xni.,  this  table  completes  the  means  of 
finding,  by  inspection,  the  dimensions,  inclinations, 
velocities,  and  discharges  of  every  class  of  water- 
channel  or  sewage-conduit  required  in  engineering 
practice. 

Table  XTV.  gives  the  comparative  values  of  English 
and  French  measures;  and  Table  XV.  gives  the 
weight,  specific  gravity,  and  ultimate  strength  and 
elasticity  of  various  materials  with  which  the  engineer 
has  to  operate. 
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SECTION  IL 

FORMULA  FOR  THE  VELOCITY,  AND  DISCHARGE,  FROM 
ORIFICES,  WEIRS,  AND  NOTCHES. — COEFFICIENTS  OF 
VELOCITY,  CONTRACTION  AND  DISCHARGE. — PRAC- 
TICAL REMARKS  ON  THE  USE  OF  THE  FORMULA. 

The  quantity  of  water  discharged  in  a  given  time 
through  an  aperture  of  a  given  area  in  the  side  or 
bottom  of  a  vessel,  is  modified  by  different  circum- 
stances, and  varies  more  or  less  with  the  form,  posi- 
tion, and  depth  of  the  orifice ;  but  the  discharge  may 
be  easily  found,  when  the  velociiy  and  the  contraction 
of  the  fluid  vein  has  been  determined. 

VELOCITY. 

If  ^r  be  the  velocity  acquired  by  a  heavy  body  falling 
from  a  state  of  rest  for  one  second,  in  vacuo,  then 
it  has  been  shown  by  writers  on  mechanics,  that  the 
velocity  v  per  second  acquired  by  falling  from  a  height 
A,  will  be 

(1.)  V  =  y/  2gh. 

The  numerical  value  of  g  varies  with  the  latitude; 
then  it  shall  be  assumed  that  2  g  =  772*84  inches 
=  64*403  feet.     These  wiU  give  for  measm'es  in  inches, 

V  =  27-8  V  h*  and  fe  =  fj2^  =  '00129St^, 
and  for  measures  in  feet, 

*  The  velocities  for  difierent  heights  are  given  in  column  number  1,. 
Tabls  IL 
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V  =  8-025  Vh,  and  h  =  ^4:403  =  -01553  v\ 
If  V  be  in  feet,  and  h  in  inches,  then 

V  =  2-317  VX  and  h  =  -^^  =  -1864  vK* 

COEFFICIENT   OP   VELOCITY. 

Let  the  vessel  a  b  c  d,  Fig.  1,  be  filled  with  water 
to  the  level  e  f  :  then  it  has  been  found,  bj  experi- 


ment, that  the  velocity  of  discharge  through  a  small 
orifice  o,  in  a  thin  plate,  at  the  distance  of  half  the 
diameter  outside  it,  in  the  vena-contracta,  will  be  very 
nearly  that  due  to  a  heavy  body  falling  freely  firom  the 
height  h,  of  the  surface  of  the  water  e  f,  above  the 

*  The  force  of  gravity  increases  with  the  latitude,  and  decreases 
with  the  altitude  above  the  level  of  the  sea,  but  not  to  any  consider- 
flble  extent  If  X  be  the  latitude,  and  h  the  altitude,  in  feet,  above 
the  mean  sea  level,  then  it  may  be  generally  taken  that 

g  =  32-17  (1  —  -0029  cos  2A)  x   ^1^^\ 

in  which  B,  the  radius  of  the  earth  at  the  given  latitude  is  equal  to 
20887600  (1  +  -0016  cos  2\). 
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centre  of  the  orifice.  The  velocity  of  discharge 
determined  by  the  equation  v  =  V2  g  A,  Tor  falling 
bodies,  is,  therefore,  called  the  "  theoretical  velocity.** 
If  v^  be  now  put  for  the  actual  mean  velocity  of  dis- 
charge in  the  vena-contracta,  and  c^  for  its  ratio  to 
the  theoretical  velocity  v,  we  shall  get  r^  =  c^v;  and 
by  substituting  for  v,  its  value  Vii  g  n, 
(2.)  Va  =  c^  V27I; 

Cf  is  termed  "  the  coefficient  of  velocity  ;**  its  numerical 
value,  at  about  half  the  diameter  from  the  orifice,  is 
about  '974 ;  and,  consequently, 

v^  =  -974  \/2gh. 
This  for  measures  in  inches  becomes 

t-d  =  27-077  VA,* 
and  for  measures  in  feet 

Vd  =  7-816  VaT 
The  orifice  o,  is  termed  an  horizontal  orifice  in  Fig.  1, 

9  The  velocities  for  different  heights  calculated  from  this  formnbe 
are  giyen  in  the  column  numbered  2,  Table  II.  It  has  been  latterly 
asserted  in  a  Blue  Book  that  theoretically  Vd  »  t  ^Yg~h.  It  is  not 
necessary  here  to  combat  this  error,  which  confounds  the  discharge 
with  its  Telocity,  and  a  single  practical  fact,  applicable  only  to  a  thin 
plate,  with  a  theoretical  principle.  The  experimental  discharge  ap- 
proximates to  I  yj  2gh  multiplied  by  the  area  of  the  orifice ;  but  the 
theoretical  velocity  ^  2gh  always  approximates  to  the  experimental 
velocity,  or  "^li  y/  2g  h,  obtained  immediately  outside  the  orifice  in 
the  verta-coniracta.  It  would  be  unnecessary  to  allude  to  this  theory 
here  if  it  were  not  supported  and  put  forward  by  three  engineers  whose 
antbority  in  practical  questions  may  mislead  others.  Vide  p.  4  of 
**  Brief  observations  of  Messrs.  Bidder,  Hawksley,  and  Bazalgette  on 
the  answers  of  the  OovemmerU  Beferees  on  the  Metropolitan  Main 
Dbaikaoe,  ordered  by  the  House  of  Commons  to  be  printed  13th  July, 
1868.- 
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and  in  Fig.  2  a  vertical  or  lateral  orifice.  When 
small,  each  is  found  to  have  practically  the  same 
velocity  of  discharge,  when  the  centres  of  the  con- 
tracted sections  are  at  the  same  depth,  A,  below  the 
surface ;  but  when  lateral  orifices  are  large,  or  rather 
deep,  the  velocity  at  the  centre  is  not,  even  prac- 
tically, the  mean  velocity;  and  in  thick  plates  and 
modified  forms  of  adjutage,  the  mean  velocities  are 
.found  to  vary. 

VENA-CONTRACTA  AND   CONTRACTION. 

It  has  been  found  that  the  diameter  of  a  column 
issuing  from  a  circular  orifice  in  a  thin  plate,  is  con- 
tracted to  very  nearly  eight-tenths  of  the  whole 
diameter  at  the  distance  of  the  radius  from  it,  and 
that  at  this  distance  the  contraction  is  greatest.  The 
ratio  of  the  diameter  of  the  orifice  to  that  of  the  con- 
tractefd  vein,  vena-contracta,  is  not  always  found 
constant  by  the  same  or  different  experimentalists. 

.ftii     J  ^^d,  therefore,  that  of  the  1  .^f.^ 
^*^'   i  areas  as  ^  :  /  '"' 


Newton  makes  it    1 

:      -841, 

Poleni           „           1 

.    J  '846 
•    J  788 

Borda            „           1 

:       -802 

MicheUotti    „           1 

:      -8 

Bossut           „          1 

•    {-818 

Du  Bu&t       „           1 

:       -816 

Venturi         „           1 

:      798 

Eytelwein     „            1 

:      -8 

Bayer           „            1 

:      7854 

(7156 
1-622 

•6432 

•64 

(  -656 
\  -669 

•667 

•687 

•64 

:     -617 

Bayer's  value  for  the  contraction  has  been  deter- 
mined on  the  h}rpothesis,  that  the  velocities  of  the 
particles  of  water  as  they  approach  the  orifice  from 
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all  sides,  are  inversely  as  the  squares  of  their  distances 
from  its  centre;  and  the  calculations  made  of  the 
discharge  from  circular,  square,  and  rectangular 
orifices,  on  this  hypothesis,  coincide  pretty  closely 
with  experiments. 

APPROXIMATE    FORM   OF    THE    CONTRACTED    VEIN. 

Let  o  R  ='  d.  Fig.  8,  be  the  diameter  of  an  orifice  ; 

then  at  the  distance  r  3  =  —  the  contraction  is  found 

2 

to  be  greatest ;  assuming  that  the  contracted  diameter 
o  r  =  '7854  d.  Suppose  the  fluid  column  between 
o  R  and  o  r  to  be  so  reduced,  that  the  curve  lines  r  r 
and  o  0  shall  become  arcs  of  circles,  then  it  is  easy  to 
show  from  the  pro- 
perties of  the  circle, 
that  the  radius  c  r 
must  be  equal  to 
1-22  d.  The  mean 
velocity  in  the  ori- 
fice, o  R,  is  to  that 
in  the  vena-con- 
traeta,  o  r,  as  '617  : 
1 ;  and  the  mouth  piece,  r  r  o  0,  Fig.  4,  in  which 
o  p  =  J  o  R,  and  or  =  '7854  x  o  r,  will  give  for  the 
velocity  of  discharge  at  0  r,  the  vena-contracta, 

v^  =  '974  V"2y&  =  7-816  V"^ 
in  feet  very  nearly,*    In  speaking  of  the  velocity  of 

•  Correctly  the  curves  0  0  and  R  r  should  perhaps  have  the  line  O  R 
continued,  for  their  common  tangent.  No  practically  useful  result 
would,  however,  follow  from  a  more  accurate  construction  than  is  here 
^ven.  Running  a  file  round  the  arris  0,  R,  will  effect  the  object  better 
than  a  complex  construction, 
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discharge  from   orifices  in    thin   pktes,  we    always 

assume  it  to  be  the 
velocity  in  the  vena- 
contracta,  and  not 
that  in  the  orifice 
itself,  which  varies 
with  the  coefficient 
of  discharge,  un- 
less in  Table  II.,  where  the  mean  velocity  in  the 
latter,  as  representing  c^  ^  2  g  h,  is  also  given. 


COEFFICIENTS   OF    CONTRACTION   AND    OF   DISCHARGE. 

Put  A  for  the  area  of  the  orifice  o  r,  Fig.  8,  and 
Co  X  A  for  that  of  the  contracted  section  at  o  r,  then  Cc 
is  called  the  *' coefficient  of  contraction^'  The  velocity 
of  discharge  v^  is  equal  to  Cj  V  2  jf  A,  equation  (2). 
Multiply  this  by  the  area  of  this  contracted  section 
Cc  X  A,  and  there  is  found  for  the  discharge 

D  =  c^  X  Co  X  A  V  2g  h. 
It  is  evident  a  V  2gh  would  be  the  discharge  if  there 
were  no  contraction  and  no  ^change  of  velocity  due  to 
the  height,  A ;  c^  x  c^  is  therefore  equal  to  the  co- 
efficient of  discharge.  Call  the  latter  c^,  and  there 
results  the  equation 
(8.)  c    =  Cy  X  Cc, 

and  hence  the  "  coefficient  of  discharge "  is  equal 
to  the  product  of  the  coeffixAents  of  velocity  and  con- 
traction. 

The  expression  c^  c,  y/  2g  h  =  c^  \/  2  g  h  repre- 
sents the  mean  velocity  in  the  orifice ;  the  coefficient 
for  this  is,  therefore,  equal  to  c^.     The  values  of  the 
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velocity   c^  V  2  <;  A,   for  different  heights  and  co- 
efficients, are  given  in  Table  II. 

In  the  foregoing  expression  for  the  discharge  d,  h 
most  be  so  taken,  that  the  velocity  at  that  depth  shall 
be  the  mean  velocity  in  the  orifice  a.  InfuU  prismatic 
tubes  the  coefficients  of  velocity  and  discharge  are  equal 
to  each  other. 

^lEAN    AND    CENTBAL    VELOCriT. 

In  order  to  find  the  mean  velocity  of  discharge 

from  an  orifice,  it  is,  in  the  first  instance,  necessary 

to  determine  the  velocity  due  to  each  point  in  its 

surface,  and  the  discharge  itself;    after  which,  the 

mean  velocity  is  found  by  simply  dividing  the  area  of 

the  orifice  into  the  discharge.    The  velocity  due  to 

the  height  of  water  at  the  centre  of  a  circular,  square, 

or  rectangular  orifice,  is  not  strictly  the  mean  velocity, 

nor  is  the  latter  in  these,  or  other  figures,  that  at  the 

centre  of  gravity.    When,  however,  an  orifice  is  small 

in  proportion  to  its  depth  in  the  water,  the  velocity 

of  efflux  determined  for  the  centre  approaches  very 

closely  to  the  mean  velocity ;  and,  indeed,  at  depths 

exceeding  four  times  the  depth  of  the  orifice,  the  error 

in  assuming  the  mean  velocity  to  be  that  at  the  centre 

of  the  orifice  is  so  small  as  to  be  of  little  or  no  prac* 

tical  consequence,   and    for  lesser  depths   it  never 

exceeds  six  per  cent.    It  is,  therefore,  for  greater 

simplicity,  the  practice  to  determine  the  velocity  from 

the  depth  h  of  the  centre  of  the  orifice,  unless  in  weirs 

or  notches ;    and  the  coefficients  of  discharge  and 

velocity  in  the  following  pages  have  been  calculated 

Digitized  by  VjOOQ  IC 


88 


THE  LISCHAROE  OP  WATER  PROM 


from  experiments  on  this  assumption,  unless  it  shall 
be  otherwise  stated. 

DISCHAKGES    THBOUGH    ORIFICES    OP    DIFFERENT  FORMS 
IN    THIN    PLATES. 

The  orifices  which  the  engineer  has  to  deal  with  in 
practice  are  square,  rectangular,  or  circular;  and 
sometimes,  perhaps,  triangular  or  quadrangular  in 
form.  It  will  be  necessary  to  give  here  only  the 
theoretical  expressions  for  the  discharge  and  velocity 
for  each  kind  of  form,  but  as  the  demonstrations  are 
unsuited  to  the  purposes  of  this  work  they  shall  be 
omitted. 

TRAPEZOIDAL    ORIFICES  WITH    TWO   HORIZONTAL    SIDES. 

Put  d  for  the  vertical  depth  of  an  orifice,  \  for  the 
altitude  of  pressure  at  top,  above  the  upper  side,  and 
h^  for  the  altitude  at  bottom,  above  the  lower  side, 
then 

Ab  ""  ^t  ^^  rf. 


Let  also  the  top  or  upper  side  of  the  orifice  a  or  c. 
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Fig.  6,  be  represented  by  k,  and  the  lower  or  bottom 

side  by  l^,  and  put  -^-^ —  =  I* 
Now,  when  k  =  h„  ihe  trapezoid  becomes  a  paral- 
lelogram whose  length  is  I  and  depth  d;  and  putting 
h  for  the  depth  to  the  centre  of  gravity,  there  exists 

the  equation 

d        ^        d      . 

^t  +  2  ~  ^b  —  2  ^ 

The  general  expression  for  the  discharge,  d,  through 

a  trapezoidal  orifice,  a,  is  then 

(4.)    D  =  c,V27x||^,/4-It/4+^it-W-^^^}* 

in  which  Ca  is  the  coefficient  of  discharge ;  and  when 
the  smaller  side  is  uppermost  as  at  c, 

(5.)  D  =  c,  V^  X  ||V4  -  hhl  -  |(^-^)^^^}- 

PARALLELOGRAMIC   AND   RECTANGULAR   ORIFICES. 

When  Zt  =  Zb  =  ^>  the  orifice  becomes  a  parallelo- 
gram, or  a  rectangle,  b,  and  then  the  discharge  is 

(6.)  D  =  Ca  VT^  X  ll[hi  -  h\}. 

NOTCHES. 

When  the  upper  sides  of  the  orifices  a,  b,  and  c, 
rise  to  the  surface  as  at  Ao,  Bo,  and  Co,  At  becomes 
nothing,  and  then,  as  feu  =  d,  for  the  trapezoidal 
notch  Ao  with  the  larger  side  up, 

(7.)    v  =  c,V2^x\d^{l,+'\ik-l.)} 
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Also  for  the  trapezoidal  notch,  Co,  with  the  smaller 
.side  up, 

(8.)    D  =  Cd\/27x|(P|z^-^(ib-«} 

which  is  the  same  in  form,  but  not  in  value,  as  the 
preceding  equation.  And  for  a  parallelogramic  or 
rectangular  notch  b©, 

(9.)         D  =  rdV2^  X  \l^=\c^l^s/~i^. 

It  is  easy  to  perceive  that  the  forms  of  equations  (4) 
and  (5),  and  also  of  equations  (7)  and  (8),  are  iden- 
tical. The  values  for  the  discharge  in  equations  (6) 
and  (9)  are  equally  applicable,  whether  the  form  of 
the  orifice  be  a  parallelogram  or  a  rectangle,  the  only 
difference  being  in  the  value  of  the  coefficient  of 
discharge,  c^,  which  becomes  only  slightly  modified 
for  any  form  of  orifice,  and  may  be  taken  at  'GIT  when 
it  is  in  a  thin  plate  for  each. 

TRIANGULAR  ORIFICES  WITH  HORIZONTAL  BASES,  AND 
RECTILINEAL   ORIFICES   IN   GENERAL. 

When  the  length  of  the  lower  side,  ly^  =  0,  the 
orifice  becomes  a  triangle,  d.  Fig.  6,  with  the  base 
upwards. 
In  this  case,  equation  (4)  becomes 


(10.)     D  =  Cd  VT^f  X  1  Z»  • 

3 


*  d 


which  gives    the    discharge   through    the  triangular 
orifice,  d« 
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When  it  =  0,  in  equation  (5),  the  orifice  becomes  a 
triangle,  f,  with  the  base  downwards ;  in  this  case, 
the  value  of  the  discharge  is 

(11.)    D  =  ca  \^27  X  i  Z,  A|  -  I  X  IrJl  •• 

i  ^  / 

As  any  triangular  orifice  whatever  can  be  divided 
into  two  others  by  a  line  of  division  through  one  of 
the  angles  parallel  to  the  horizon;  and  as  the  dis- 
charge  firom  the  triangular  orifice  d  or  f  is  the  same 
as  for  any  other  on  the  same  base  and  between  the 
same  parallels,  by  such  a  division,  the  discharge  from 


any  triangle  not  having  one  side  parallel  to  the 
horizon  can  easily  be  found,  and  thence  the  discharge 
from  any  rectilineal  figure  whatever  by  dividing  it 
into  triangles. 

K  the  triangle  f  be  raised  so  that  the  base  shall  be 
on  the  same  level  with  the  upper  side  of  the  trian- 
gular  orifice  d  ;  if,  also,  the  bases  be  equal,  and  also 
the  depths,  by  adding  equations  (10)  and  (11),  and 
making  the  necessary  changes  indicated  by  the  diagram, 
there  is  found 


Digitized  by  VjOOQ  IC 


<2  TEB  DISCHARQE  OP  WATER  PROM 

(12.)  D  =  c,V27x^{A|+/,|-2xA;Td1'} 
for  the  discharge  from  a  parallelogram  e  with  one 
diagonal  horizontal.  Now  this  is  the  same  as  the 
discharge  from  any  quadrilateral  figurej  whatever, 
having  the  same  horizontal  diagonal,  and  also  having 
the  upper  and  lower  angles  on  the  same  parallels,  or 
at  the  same  depths,  as  those  of  the  parallelogram.  If 
the  orifices  d,  p,  and  e  rise  to  the  surface  of  tiie  water, 
as  at  Do,  Eo,  Fo,  then  for  the  discharge  from  the  notch 
Do  there  results 

(13.)  D  =  Cd  \/"2^  X  ^  y^'^ 

which  for  a  right  angled  triangle  becomes 

For  the  discharge  from  the  notch  Fo, 
(14.)  D  =  cW"27x  J/bd^- 

*  In  the  Civil  Engineer  and  Architects'  Jonmal,  1858,  p.  870,  it  is 
stated  that  Professor  Thomson,  now  of  the  University  of^GlasROw, 
gave  at  the  British  Association  in  Leeds  for  a  right  angled  triangle,  for 
dischaiges  of  from  2  to  10  cabic  feet  per  minute,  the  expression  Q  » 

'317  H  I,  in  which  q  is  the  quantity  in  cubic  feet  per  minute,  and  H 
the  head  in  inches.     Now  the  above  equation  for  a  coefficient  of  *617 

becomes,  for  inch  measures,  D  »  17'153  x  fi  (^f  =  9*15  cf  t ;  or  by 
multiplying  by  60,  and  dividing  by  1728,  to  reduce  the  discharge  to 

feet  per  minute,  D  ^  '317  dt,  identically  the  same  as  Professor  Thom- 
son derived  from  his  experiments.  All  sections  of  a  triangular  notch 
are  similar  triangles,  and  hence  the  advantage  of  a  triangiilar-notch- 
gauge,  where  it  can  be  used,  as,  probably,  the  coefficient  remains  con- 
stant throughout  Professor  Thomson  first  drew  attention  to  this. 
But  the  coefficient  '617  gives  practically  correct  results  for  all  formn 
of  orifices  in  thin  platct. 
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and  for  the  discharge  through  the  notch  Ko, 

(15.)  D  =  Cd  V2^x  ^{h\  -  2dS}  =  Cd  V27x  •9762ZdJ- 

When  the  parallelogram  Eo  becomes  a  square  Z  =  2  rf, 
and  hence, 

(16.)  D  =  Cd  \/2^  X  -9752^?  x  ^/k=c^  \/2^  x  '34478 1^. 
The  foregoing  equations  enables  the  engineer  to 
find  an  expression  for  the  discharge  from  any  recti- 
lineal orifice  whatever;  as  it  can  be  divided  into 
triangles,  the  discharge  from  each  of  whiich  can  be 
determined  as  already  shown  in  the  remark  following 
equation  (11.)  The  examples  which  are  given  will  be 
found  to  comprehend  every  form  of  rectilineal  orifice 
which  occurs  in  practice ;  but  for  the  greater  number 
of  orifices,  sunk  to  any  depth  below  the  surface,  the 
discharge  will  be  found  with  sufficient  accuracy  by 
multiplying  the  area  by  the  velocity  due  to  the 
centre  of  gravity. 

CIRCULAR  AND   SEMIdRCULAR   ORIFICES. 

The  discharge  through  circular  and  semicircular 
orifices  in  thin  plates  can  only  be  represented  by 


~  '^^  f-2»-: 


I  V^=^ 


§i§^^r — 7i^er*'">Ei^z^^:^3£3E 


WEBBSBIESBL 


means  of  infinite  series.     Represent  by  «i  the  sum 
of  the  series 
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/I      1      S      6      7      »\/l      1      S      SV*       «  1. 

Also  represent  by  s^  the  sum  of  the  series 

31416  IV«      iJh       \^      4      6A3      6/P 

then  the  discharge  from  the  semicircle  g,  Fig.  7,  with 

the  diameter  upwards  and  horizontal,  is 

<17.)        D  =  Cd  VYgli  X  8-1416  r^  (s^  +  Sj). 

And  the  discharge  from  the  semicircle  i,  with  the 

diameter  downwards  and  horizontal  is, 

(18.)        D  =  Cd  V2Yh  X  8-1416  r®  («i  -  8^). 

If  A  be  put  for  the  area,  then  also  for  the  discharge 

from  a  circle  h, 

(19.)  D  =  Cd  y/  2g  h  X  2  A  «i. 

In  each  of  these  three  equations  (17),  (18),  and  (19), 

h  is  the  depth  of  the  centre  of   the   circumference 

below  the  surface,  and  r  the  radius. 

When  the  orifices  rise  to  the  surface,  then  for  the 
discharge  from  a  semicircular  notch  Go,  with  the 
diameter  horizontal  and  at  the  surface, 
(20.)  D  =  Cd  \^2gr  x  -9586  f^  =  c^  V2^  x  -6108  a  ; 
when  the  circumference  of  the  semicircle  is  at  the 
surface,  and  the  diameter  horizontal,  as  at  lo, 

(21.)  D=Cd  \^2gr  x  ^(\/i28-7)r»=Cd  V2grx  -7824  a  ; 

when  the  horizontal  diameter  of  the   semicircle  is 
uppermost,  and  at  the  depth  r  below  the  surface, 
(22.)  D  =Cd  V2^x  1-8667 r«  =  c^  V%7x  1*1884  a  ; 
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and  when  the  circumference  of  the  entire  circle  is  at 

the  surface,  as  at  Ho, 

(28.)  D=CdV27rx3-0171r5=:CdV27r  X  -9604 a. 

If  it  be  desirable  to  reduce  equations  (20),  (21),  and 
(22),  to  others  in  which  the  depth  h  of  the  centre  of 
gravity  from  the  surface  is  contained,  it  is  only  neces- 
sary to  substitute  for  r  in  equation  (20),  and 

then  the  discharge  from  a  semicircle  with  the  diameter 

at  the  surface  is 

(24.)  D  =  Cd  V  27^"  X  -0867  a. 

Also,  by  substituting  for  r  in  equation  (21), 

the  discharge  from  a  semicircle  when  the  circum- 
ference is  at  the  surface  and  the  diameter  horizontal 
is 


(26.)  D  =  c^y/  2gh  x  -9658  a ; 

and  when  the  horizontal  diameter  is  uppermost,  and 

1 

at  the  depth  r  below  the  surface  r  =    ^  ,^, ,    and 

1*4244 

(26.)  i>  =  c^  V2gh  x  -9957  a. 

As  A  stands  for  the  area  of  the  particular  orifice  in 
each  of  the  preceding  expressions  for  the  discharge,  it 
must  be  taken  of  double  the  value,  in  equation  (28) 
for  instance,  where  it  stands  for  the  area  of  a  circle, 
that  it  is  in  equations  (20),  (21),  or  (28),  where  it 
represents  only  the  area  of  a  semicircle. 

DIFFERENCE   OF    "  MEAN  VELOCTTIES."      HOW  MUCH. 

The  mean  velocity  is  easily  found  by  dividing  the 
area  into  the  discharge   per  second  given    in    the 
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preceding  equations.  For  instance,  the  mean  velocity 
in  the  example  represented  in  equation  (9),  is  equal 

^-  Cd  w2gd,  which  is  had  by  dividing  the  area  I  d 
into  the  discharge ;  and  in  like  manner  the  mean 
velocity  in  equation  (23)  is  '9604  q  \/  2g  r.  The 
velocity  at  the  centre  of  an  orifice  is  that  generally 
taken  by  practical  men.  This  differs  very  little  from 
the  other  five  circular  and  rectangular  forms.  Even 
for  notches  at  the  surface  it  is  only  in  excess  by  from 
four  to  six  per  cent. 

PRACTICAL  REMARKS  ON  THE  DISCHARGE  FROM  CIRCULAR 
ORIFICES. 

It  has  been  shown,  equation  (19),  that,  for   the 
discharge  from  a  circle,  we  have 

D  =  <?d  y/  2gh  X  2  A  Si, 
in  which  h  is  the  depth  of  the  centre,  a  the  area, 
and  8i  the  sum  of  the  series 

{H*'^)(^'^fc~(^'^"^'^X^TT)^-M= 

and  it  has  also  been  shown,  equation  (23),  that,  when 
the  circumference  touches  the  surface,  this  value 
becomes 

D  =  Cd  V  2gr  X  -9604  a. 
Now  when  h  is  very  large  compared  with  r,  it  is  easy 
to  perceive  that  2  «i  =  1,  and  hence 
(27.)  D  =  Cd  V  2gh  X  a. 

As  this  is  the  formula  conamonly  used  for  finding  the 
discharge,  it  is  clear,  if  the  coefficient  c^  remain  con- 
stant, that  the  result  obtained  from  it  for  d  would  be 
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too  large.  The  differences,  however,  for  depths 
greater  than  three  times  the  diameter,  or  6r,  are 
practically  of  no  importance ;  for,  by  calculating  the 
values  of  the  discharge  at  different  depths,  it  is  found, 
when 

fh  =  r,   that  d  =  c^  \/  2gh  X  '960  a ; 


(28.) 


h=  -^,  „    D  =  Cd  VYgli  X  -978  A, • 
ft  =:  ^,  „     D  =  Cd  V~¥^h  X  -985  A ; 
D  =  Cd  V  2gh  X  -989  a  ; 


2 


->     >9 


ft    =     J'- 

4 

ft  ==  2  r,  „     D  =  Cd  s/l^yji  X  -992  a  ; 

ft  =  3  r,  „     D  =  Cd  V2^  ft  X  -996  A, • 

ft  =  4  r,  „     D  =  Cd  V  2gh  X  '998  a ; 

h  =  Sr,  „  D  =  Cd  \/  2g  h  X  '9987  a  ; 
^  ft  =  6  r,  „  D  =  Cd  \/  2g  h  X  -9991  a. 
These  results  show  very  clearly  that,  for  circular 
orifices,  the  common  expression  for  the  discharge 
Cd  V  2^  ft  X  A  is  abundantly  correct  for  all  depths 
exceeding  three  times  the  diameter,  and  that  for  lesser 
depths  the  extreme  error  cannot  exceed  four  per  cent, 
in  reduction  of  the  quantity  found  by  this  formula. 
Hereafter,  when  discussirg  the  value  of  Cd,  it  will  be 
shown  that  from  the  sinking  of  the  surface,  and  perhaps 
otiier  causes,  the  discharge  at  lesser  depths  is  even 
larger  than  that  exhibited  by  the  expression  c^  ^/ 2gh 
X  A,  the  value  of  the  coefficient  of  discharge,  c^,  being 
found  to  increase  near  the  surface  as  the  depths  ft  de- 
crease.   In  fact,  the  sides  and  length  of  the  orifice,  the 
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rounding  of  the  arrises,  and  the  depth  and  position  witli 
reference  to  the  sides  of  the  vessel,  and  surface  of  the 
water,  are  of  far  greater  practical  importance  than  ex- 
treme accuracy  in  the  mathematical  formula,  which  when 
complex  may  be  of  little  or  no  practical  value. 

PRACTICAL  REMARKS  ON  THE  DISCHARGE  FROM 
RECTANGULAR  ORIFICES. 

It  has  been  shown,  equation  (6),  that  the  discharge 
from  rectangular  orifices,  with  two  sides  parallel  to 
the  horizon  or  surface  of  the  water,  is  expressed  by 
the  equation 

D  =  Cd  xl\/T^  X  I  {hi  ^  hi}, 

in  which  I  is  the  horizontal  length  of  the  orifice,  ^i,  the 
depth  of  water  on  the  lower,  and  h^  the  depth  on  the 
upper,  side.  As  it  is  desirable  in  practice  to  change 
this  form  into  a  more  simple  one,  in  which  the  height 
h  of  the  centre  and  depth  d  of  the  orifice  only  shall  be 

d  d 

included,  then  h^  =  h  +  -  and  At  =  A  —  -.  By  sub- 
stituting these  values  of  Ay,  and  h^  in  the  foregoing 
equations,  and  developing  the  result  into  a  series,  the 
terms  of  which,  after  the  third,  may  be  neglected,  and 
putting  A  for  the  area  I  d,  there  results 

(29.)     D=c^  V2g  n  X  a 1 1  -  95-j^  j^^^y  nearly. 
Therefore  for  the  accurate  theoretical  discharge 
80.)     i>  =  c^^2ghXjAY ?rl^^^_l!^l. 
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for  the  approximate  discharge 

and  for  the  discharge  by  the  common  formula 

D  =  Cd  s/  2g  h  X  A. 
When  the  head  (h)  is  large  compared  with  (d),  the 
height  of  the  orifice,  each  of  the  three  last  equations 
gives  the  same  value  for  the  discharge ;  but  as  the 
common  expression  c^  V  2gh  X  a  is  the  most  simple ; 
and  as  the  greatest  possible  error  in  using  it  for  lesser 
depths  does  not  exceed  six  per  cent.,  viz.  when  the 
orifice  rises  to  the  surface  and  becomes  a  notch,  it  is 
evidently  that  formula  best  suited  for  practical  pur- 
poses. The  following  table  and  equations  will  show 
more  clearly  the  differences  in  the  results  as  obtained 
firom  the  true,  the  approximate,  and  the  common  forrmdce, 
applied  to  ^'  lesser  "  heads ;  and  they  will  also  explain, 
to  some  extent,  why  "  coefficients  "  determined  firom 
the  common  formula,  and  that  used  by  Poncelet  and 
Lesbros,  should  decrease  as  the  orifice  approaches  the 
surfEUse. 

12  3 


jH 

D= 

=Cd 

\^2gti  X  •9428a. 

D  =  Cd 

V%Ax-9588a. 

A=g-, 

>» 

99 

„   X-9698A. 

>>    » 

„   X -9788  A. 

,          4' 

ii 

99 

„   X  •9796a. 

>>    >> 

„   X -9815  A. 

A=-g, 

» 

>> 

„   X  •9854a. 

99         99 

„   X  •9864  a. 

h=d 

» 

» 

„  X  •9890a. 

5>         » 

^,   X -9896  A. 

X 

(31.) 

Digitized  by  VjOOQ  IC 


50 


THE  DISCHARGE  OP  WATER  PROM 


(31.) 


X  •9974a. 

X -9974  A. 

X  •9988a. 

X  •9988  A. 

X  •9988a. 

X -9988  A. 

X  •9991a. 

X  •9991a. 

X  •9994a. 

X  •9994  a. 

X  •9999a. 

X -9999  A. 

ft=2"'   i>=<?dV^x •9953a.    D=:CdV2p^X •9964a. 

A=2d, 
,     hd 

h=id, 
\  hxlOd, 

In  the  foregoing  Table  the  first  column  contains  the 
head  at  the  centre  of  the  orifice  expressed  in  parts  of 
its  height  d;  the  second  contains  the  values  of  the 
discharges  according  to  equation  (80) ;  and  the  third 
column  contains  the  approximate  values  determined 
from  equation  (29)»  the  results  in  which  are  something 
larger  than  those  in  column  2,  derived  from  the  cor- 
rect ^formula.  The  numerical  coefficients  of  a,  at 
every  depths  are  less  in  both  than  unity,  the  constant 
coefficient  according  to  the  common  formula.  This 
latter,  therefore  (as  in  circular  orifices),  gives  restdts 
exceeding  the  true  ones,  but  the  excess  is  inappreciable 
at  greater  depths  than  h  =  S  d,  and  for  lesser  depths 
than  this  the  error  cannot  exceed  six  per  cent.  It 
may  be  usefrQ  to  remark  here,  that  when  the  orifice 
rises  to  the  surface  and  becomes  a  notch,  the  ^'  centre 
of  mean  velocity  "  is  at  four-ninths  of  the  depth,  and  the 
centre  of  gravity  at  two-thirds  of  the  depth  from  the  sur- 
face.   The  former  fraction  is  the  square  of  the  latter. 
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SECTION  III. 

EXPERIMENTAL  RESULTS  AND  FORMULA. — COEFFICIENTS 
OF  DISCHARGE   FOR   ORIFICES  AND   NOTCHES. 

Heretofore  the  numerical  values  of  the  general 
coefficient  of  discharge  c^  have  been  only  dwelt  upon 
partially.  In  order  to  determine  its  value  under 
•different  circumstances  more  particularly,  it  will  be 
BOW  necessaiy  to  consider  some  of  the  experiments 
ivhich  have  been  made  from  time  to  time.  These  do 
not  always  give  the  same  results,  even  when  conducted 
under  the  same  circumstances  and  by  the  same  parties, 
4ind  there  appears  to  exist  a  certain  amount  of  error, 
more  or  less,  inseparable  from  the  subject.  The 
experiments  with  orifices  in  thin  plates  afford  the 
most  consistent  results ;  but  even  here  the  differences 
are  sometimes  greater  than  might  be  expected.  In 
many  of  the  earlier  experiments  the  value  of  the 
coefficient  c^  comes  out  too  large,  which  arises,  very 
probably,  from  the  orifices  experimented  with  not 
being  in  thin  plates,  and  partaking,  more  or  less,  of 
the  nature  of  short  tubes  or  mouth-pieces  with 
rounded  arrises,  which,  as  it  shall  be  seen,  give  larger 
coefficients  than  simple  orifices.  When  an  orifice  is 
in  the  bottom  of  a  vessel,  it  would  appear  more  correct 
to  measure  the  head  from  the  surface  to  the  vena- 
contracta  than  from  the  surface  to  the  orifice  itself; 
and  as  any  error  in  measuring  the  head  in  any  experi- 
ment must  affect  the  value  of  the  coefficient  derived 

B  2 
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from  such  experiment^  so  as  to  increase  it  when  the 
error  is  to  make  the  head  less,  and  vice  versd,  it 
appears  that  heads  measured  to  an  orifice  in  the 
bottom  of  a  vessel,  and  not  to  the  vena-contracta, 
must  give  larger  coefficients  from  the  experimental 
results  than,  perhaps,  the  true  ones.  The  coefficients 
in  the  following  pages  have  been  almost  all  arranged 
and  calculated,  by  the  author,  from  the  original  experi- 
ments. 

In  1789  Dr,  Bryan  Robinson  made  some  experi- 
ments on  the  discharge  through  small  circular  orifices^ 
from  one-tenth  to  eight-tenths  of  an  inch  in  diameter,, 
with  heads  of  two  and  four  feet,*  which  give  the 
following  coefficients. 

C0KFFI0IEKT8  FBOM  DR.  B.  ROBIXSON's  EXPERIMENTS. 


Hnadfl. 

dLmeter. 

diuneter. 

A  inch        A;  inch 
diumetor.   diameter. 

2  feet  head       768 
4  feet  head       768 

767 
774 

761 

765 

728 
742 

These  results  are  pretty  unifonn,  and  the  values 
from  which  they  are  derived  are  said  to  be  "  means 
taken  from  five  or  six  experiments ;  '*  as  values  of 
c^  they  are,  however,  too  high.  The  apparatus  made 
use  of  is  not  described ;  but  it  is  probable,  from  the 
results,  that  the  plate  containing  the  hole  or  orifice 
was  of  some  thickness,  and  that  the  inner  arris  was 
slightly  rounded.  There  is  here,  however,  a  very 
perceptible  increase  in  the  coefficients  for  the  smaller 
orifices,  but  none  for  the  smaller  depth. 

*  Helsham's  Lectures,  p.  390.    Dublin,  1739. 
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In  a  paper  in  the  Transactions  of  the  Royal  Irish 
Academy,  vol.  ii.  p.  81,  read  March  1st,  1788,  Dr. 
Matthew  Young  determines  the  value  of  the  coeflS- 
<;ient  for  an  orifice  -^^  inch  in  diameter,  with  a  mean 
liead  of  14  inches,  to  be  '623.  The  manner  in  which 
this  value  is  determined  is  very  elegant;  viz.,  by  com- 
paring the  observed  with  the  theoretical  time  of  the 
w-ater,  in  the  vessel,  sinking  firom  16  inches  to  12 
inches. 

The  following  experiments  by  Michelotti,  with  cir- 
cular orifices  from  1  to  about  8  inches  diameter,  and 
with  from  6  to  28  feet  heads,  give  for  the  mean 
Talue  Cd='618 ;  and  for  square  orifices  of  from  1  to 
9  square  inches  in  area,  at  like  depths,  the  mean 
Talue  of  Cd=*628.  The  experiments  are  given  in 
French  feet  and  inches,  according  to  which  standard 
in  feet,  d=7'77  a  vX  X  ^ ;  ^  being  the  time  in 
seconds.*  As  the  time  of  discharge  in  these  ex- 
X>eriments  varies  firom  ten  minutes  to  an  hour,  and  as 
the  depths  are  considerable,  the  results  must  be 
looked  upon  as  pretty  accurate ;  and  it  is  worthy  of 

*  The  Tilae  of  V  2^  A,  equation  (1),  for  measures  in  French  feet,  is 
7*77  V  A,  and  for  measures  in  French  inches,  26*9  V~\ ;  g  being  equal 
to  30*2  feet,  or  862*4  inches,  French  measure.  One  French  foot  is 
•equal  to  1*06578  English  feet,  and  the  inches  preserve  the  same  pro- 
]xirtion.  The  resulting  coefficients  must  be  the  same,  whatever  stan- 
•dards  the  calculations  are  made  from.  Many  of  the  most  valuable 
formuls  and  experiments  in  hydraulics  are  given  in  French  measures 
of  the  old  style.  As  the  object,  however,  in  the  present  section,  is  to 
determine  from  experiment  the  relation  of  the  experimental  to  the 
theoretical  discharge,  it  is  not  necessaiy  to  reduce  the  experiments  to 
other  measures  than  those  in  the  original ;  but  the  value  of  the  force  of 
gravity,  g,  must,  of  course,  be  taken  in  those  measures  with  which  the 
experiments  were  made.    In  the  French  decimal,  or  modem  style,  the 
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COKFFICIENTS  FROM  MICUKLOTTl's  EXPERIMENTS. 


Description  and 

sixe  of  orifice,  in 

Fmnoh  inches. 


Depth  of 
the  centre 

of  the 

orifices  in 

French 

feet. 


Quantity 

discharged 

in  cubic 

feet 


Theoretical 
I       time. 
Time  of      calcuhited 
<^Uschargo         f^m 
in        I  D 

seconds.  ,  t=ir^ — ji, 
7-77  A  Va. 


Resulting  I 

coefu*     I 

dents  of  | 

discharge. 


Square  orifice^ 


6-618 
6-852 
11-676 
11-818 
21  -691 
21-715 


468-604 
566-458 
516.785 
612-118 
415-437 
499*222 


600 
720 
510 
600 
800 
860 


871-8 
445-6 
811-4 
366-6 
188-7 
220-6 


Mean  ralue  of  the  coefficient ;  square  orifice  8"  x  3" 


-619 
•619 
-610 
•611 
•612 
-618 


-614 


Square  orifice,  I  ,1.^0* 
21-442 


2-X2'' 


829-806 
428-465 
885-888 


900 
900 
600 


594- 

580-4 

885-7 


•660 
-645 
-648 


Mean  value  of  the  coefficient ;  square  orifice  2'  x  2" 


-649 


Square  orifice, 
l-xl" 


6-757 
11-889 
21-507 


158-549 
168-792 
562-944 


1800 
1440 
8600 


1585- . 

880-6 

2249-9 


-612 
*625 


Mean  value  of  the  coefficient ;  square  orifice  1"  x  1"  . 


Circular  orifice,  I  ,?!??n 
8"  diameter      ^{.^JJ 


542*85 

570-972 

521-299 


900 
720 
480 


550-1 
439-6 
298-8 


-621 


-611 
-610 
-612 


Mean  value  of  the  coefficient ;  circular  orifice  8"  diameter  .     *611 


Circular  orifice, 
2"  diameter 


6-785 
11-722 
21-908 


488-687 
589-585 
575-486 


1800 
1680 
1200 


1108-1 

1016-4 

725-9 


•616 
•605 
•605 


Mean  value  of  the  coefficient ;  circular  orifice  8"  diameter  .     -609 


Circular  orifice, 
1"  diameter 


6-875 
n-722 
21-908 


247-854 

82411 

444-585 


8600 
8600 
8600 


2227- 
2238- 
2237-2 


•619 
-620 
•621 


Mean  value  of  the  coefficient ;  circular  orifice  1"  diameter 


•620 
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note  that  here  the  coefficients  are  larger  for  square 
than  for  circular  orifices. 

It  may  be  remarked  here  in  passing  how  universal 
the  coefficients  *6I3  to  *628  are  for  all  forms  of 
orifices  in  thin  plates;  or  with  the  outside  arrises 
chamfered.  Indeed,  the  coefficient  '62  may  always 
be  used  with  certainty,  for  practical  purposes, 
for  every  orifice  of  this  kind,  whether  at  the  sur- 
face in  the  form  of  a  notch,  or  at  the  sides  or 
bottom  of  a  vessel,  if  the  section  of  the  approaching 
water  be  large  in  proportion  to  the  area  of  the  dis- 
charging orifice  or  notch.  By  coefficient  of  course  is 
here  meant  that  decimal  which,  multiplied  by  the 
theoretical  value,  gives  the  practical  result ;  and  this 
is  substantially  the  same  for  notches  and  orifices  sunk 
below  the  surface,  as  will  appear  further  on.  There 
appears,  however,  an  utter  want  of  accuracy  in  using 
the  coefficient  '62  or  thereabouts  in  gauging  for  all 
orifices,  weirs  included,  no  matter  what  the  tiiickness 
or  form  of  the  orifice  or  crest  of  a  weir  may  be,  or 
area  of  the  approaching  channel.  These  will  cause 
the  coefficient  to  vary  from  *6  to  1  or  more,  and  hence 
the  necessity  for  endeavouring  to  reduce  this  portion 
of  the  subject  to  rule. 

The  experiments  made  by  the  Abb6  Bossut,  con- 
tained in  the  following  table,  give  the  mean  value  of 
c^  for  both  circular  and  square  orifices,  equal  to  *616 

metn  is  equal  to  8*2809  English  feet,  or  89*871  inches.  The  tenth 
pert  of  A  metre  is  the  decimetre,  and  the  tenth  part  of  the  decimetre 
the  centimetre,  as  the  names  imply.  Table  XIY.  contains  the 
wei£^t8  and  measures  in  general  nae  in  Great  Britain  and  France,  with 
their  general  ratios  to  each  other. 
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nearly ;  and  it  may  be  perceived  that,  for  the  small 
depth  in  the  last  experiment^  the  coefficient  rises  so 
high  as  *649.  These  and  other  experiments  led  the 
Abb6  to  construct  a  table  of  the  dischargesi  at  different 

COEFFICIENTS  FROM  BOSSUl'S  EXPERIMENTS. 


Doscriptioii,  podtioD,  and  slxe  of 
oiffi«itor      •  •    • 


I  Fr«nch  inches. 


Horizontal  and  drcnlary  i'  diameter 
Horizontal  and  ctrcolar,  1"  diameter 
Horizontal  and  circular,  2"  diameter 
Horizontal  and  rectangular,  1"  x  i" 
Horizontal  and  square,  1"  x  1'  .    . 
Horizontal  and  sqaaie,  2"  x  2"  .    . 
Lateral  and  circnlar,  Y  diameter  . 
Lateral  and  drcnlar,  1"  diameter  . 
Lateral  and  drcolar,  Y  diameter  . 
Lateral  and  circnlar,  1'  diameter  . 
Lateral  and  circular,  1"  diameter  . 


140*882 

140*882 

140*882 

140*882 

140*882 

140*882 

108- 

108* 

48^ 

48- 
0*5888 


2811 

9281 

87208 

2988 

11817 

47361 

2018 

8185 

1858 

5486 

628 


lis 


^1 


8760*8 
15048*8 
60178*1 

4788*4 
19158-7 
76614*6 

8298*8 
18178*8 

2195*5 

8782*2 
968* 


•614 
•617 
•618 
•618 
•617 
•617 
•618 
•617 
•616 
•616 
•649 


depthsi  from  a  circular  orifice  1  inch  in  diameter^  from 
which  the  author  has  determined  the  following  table  of 
coefficients.  These  increase^  as  the  orifice  approaches 
the  surface,  from  *617  to  '621 ;  and  at  lesser  depths 

OOBFFICIEZrrS  DEDUCED  FROM  B08SUT*8  EXPERIMENTS. 


Heads, 
infMt 

HMdf, 

in  feet 

CoefBdente. 

Hewlf, 
in  feet 

Coeffleients. 

1 
2 
8 

4 
5 

•621 
•621 
•621 
•620 
•620 

6 
7 
8 
9 
10 

•620 
•620 
•619 
•619 
•619 

11 
12 
18 
14 
15 

•619 
•618 
•618 
•618 
•617 
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than  1  foot  other  exi>eriment8  show  an  increase  in  the 
coeflScient  up  to  '650.  The  experiments  of  Poncelet 
and  Lebros  show,  however,  a  reduction  in  the  coeflS- 
cients  for  square  orifices  8"  X  8''  as  they  approach  the 
surface  from  -601  to  '572. 

Brindley  and  Smeaton's  experiments,  with  an  orifice 
1  inch  square  placed  at  different  depths,  give  a  mean 

COEFFICIENTS  CALCULATED  FKOM  BRINDLEY  AND  8M1AT0X*S 
EXFBRIVSNT8. 

1  foot  head  :  orifice  1"  x  1"  :  coefficient  -689' 

2  feet  head  :  orifice  1"  x  1"  :  coefficient  -636 

8  feet  head  :  orifice  1'  x  1*  :  coefficient  *648  Imean  *687. 

4  feet  head  :  orifice  1*  x  1"  :  coefficient  "682 

5  feet  head  :  orifice  1'  x  1" :  coefficient  *632^ 

6  feet  head  :  orifice  i"  x  }' :  coefficient  *557 

value  for  c^  of  '637.  The  last  experiment,  with  an 
orifice  only  ^  inch  by  ^  inch,  gives  so  small  a  coeificient 
as  '557  placed  at  a  depth  of  6  feet ! 

For  notches  6  inches  wide  and  from  1  to  6^  inches 
deep,  Brindley  and  Smeaton's  experiments  give  the 
mean  value  of  Cd=*637.     The  coefficients  of  discharge 

COEFFIOIENTS  FOR  NOTCHEfl,   CALCITLATED  FEOM  BBINDLEY  AKD 
81IEAT0N'b  EXPERIMENTS. 


Ralloofthe 

lanffth 
1o  the  depth. 

Siseof 
notches  in    Goeffidents. 
inches.      1 

Ratio  of  the 

length 
tothedepth. 

BiMOf 

notches  in 
inches. 

Coefficients. 

j     -92  tol 

107  tol 

1  1-2     to  1 

1  1-92  tol 

2-4    to  1 

6x64 

6x6J 

6x5 

6x8} 

6x2ft* 

•688 
•671 
•609 
•602 
•636 

3-7  tol 
4-4  to  1 
4*8  tol 
6-    tol 
Mean 

6xl| 
6x11 
6x1} 
6x1 
value. 

•638 
•654 
•681 
•718 
•637 

*  The  depth  is  misprinted  2j)  inches  in  the  Encyclopedias,  the 
resulting  coefficient  for  which  wonld  be  '568  instead  of  '686  as  above, 
for  a  depth  of  2^  inches. 
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for  notches  and  orifices  appear  to  differ  as  little  from 
each  other  as  those  for  either  do  in  themselves.  The 
results  also  show  a  general  though  not  uniform  increase 
in  the  coefficients  for  smaller  depths. 

Du  Buat's  experiments  with  notches  18*4  inches. 
loi^»  give  the  mean  value  of  <?d='682,  which  differs 
very  little  from  the  mean  value  determined  from 
Brindley  and  Smeaton's  experiments. 


COEFFICIENTS  FOB 

NOTCHES,   CALCULATED 
EXPERIMENTS. 

FROM  DU  BUAT's 

Ratio  of  the 

length 
tothodepth. 

SlMOf 

notohMin 
inches. 

CkMiBdents. 

Ratio  of  the 
to  the  depth. 

SiMOT 

notches  in 

inches. 

Coefficients.' 

1 

272  to  1 
8*94  to  1 

18-4  X  6768 
18-4  X  4-665 

•680 
•627 

5^76  to  1 
10-8    tol 

18-4x8*199 
18-4x1778 

•624 
•646 

Poncelet  and  Lesbros'  experiments  give  the  coeffi- 
cients in  the  following  table,  for  notches  8  inches 


COEFFICIENTS  FOR  NOTCHES, 

BY  PONCELET  AND  LESBROS. 

Ratio  of  the 

length 
to  the  depth. 

Siaeof 

notches  in 

inches. 

Ratio  of  the 
totlttSflpth. 

Siaeof 

notches  in 

inches. 

Coefficients. 

•9  tol 

1  tol 
1-8  tol 

2  tol 
2-5  tol 

8x9 
8x8 
8x6 
8x4 
8x8-2 

•577 
•585 
•690 
•592 
•595 

8-88  tol 

5       tol 

,    67    tol 

i  10       tol 

20       tol 

8x2-4 
8x1-6 
8x1-2 
8x0-8 
8x0-4 

•601      1 

•611 

•618 

•625 

•686 

wide ;  the  mean  value  of  all  the  coefficients  in  these 
experiments  is  *608.  Here  the  coefficients  increase 
in  every  instance  as  the  depths  decrease^  or  as  the 
ratio  of  the  length  of  the  notch  to  its  depth  increases. 
It  will  be  necessary  to  refer  to  the  valuable  experi- 
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ments  made  at  Metz,  on  the  discharge  from  differently- 
proportioned  orifices  immediately. 

Bennie's  experiments  for  circular  orifices  at  depths 
from  1  foot  to  4  feet,  and  of  diameters  from  J  inch 
to  1  inch  give  the  following  coefficients.     Here  the 

COEFFICIENTS  FOR  CIRCULAR  ORIFICEH,   FROM  REKNIE*8 
EXPERIMENTS. 


BMdiatthe 

c«iitr»or 

eaohoiiflce 

infest. 

iineb 
diameter. 

(inch 
diAineter. 

finch 
diameter. 

linch 
dijuneUir. 

Mean    ! 
Taluea. 

1 

•671 

•684 

•644 

•688 

•645 

2 

•658 

•621 

•652 

•619 

•686 

3 

•660 

•686 

•632 

•628 

•689 

4 

•662 

•626 

•614 

•584 

•621 

Means 

•661 

•629 

•635 

•616 

•635 

increase  for  the  coefficients  for  lesser  orifices  and  at 
lesser  depths  exhibits  itself  very  clearly,  notwithstand- 
ing a  few  instances  to  the  contrary.  The  mean  value 
of  the  coefficient  c^  derived  from  the  whole,  is  'BSS.. 
For  small  rectilineal  orifices  the  coefficients  were  as. 
follows : — 

COEFFICIENTS  FOR  RECTANGULAR  ORIFICE**,   FROM  RENNIE's 
FJLPERIMENTS. 


If 


-A 


gB 


I 

ail- 


Mi 


11 


8 
4 

Means 


•617 
684 
•606 
•598 
•618 


•617 
•686 
•606 
•598 
•618 


•668 
•668 
•606 
•598 
•632 


•598 
•598 


•596 
•577 
•572 
•598 
•585 
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The  most  valuable  series  of  experiments  are  those 
made  at  Metz,  by  Poncelet  and  Lesbros.  They  were 
made  with  orifices  eight  inches  wide,  nearly,  and 
of  diflferent  vertical  dimensions  placea  at  various 
<lepths  down  to  10  feet.  The  discrepancies  as  to 
any  general  law  in  the  relation  of  the  diflferent 
values  of  the  coefficient  of  discharge  c^  to  the  size 
and  depth  of  the  orifice  in  the  preceding  experi- 
ments, have  been  remedied  to  a  great  extent  by 
these.  They  give  an  increase  of  the  coefficients  for 
the  smaller  and  very  oblong  orifices  as  they  approach 
the  surface,  and  a  decrease  imder  the  same  circum- 
stances in  those  for  the  larger  square  and  oblong 
orifices.  There  are  a  few  depths  where  maximum  and 
minimum  values  are  obtained :  the  terms  ''  maximum 
and  minimum  values "  are  used  for  those  which  are 
greater  in  the  one  case  and  less  in  the  other  than 
the  coefficients  immediately  before  and  after  them; 
and  not  as  being  numerically  the  greatest  or  least 
values  in  the  column.  These  maximum  and  minimiym 
values  are  marked  with  a  *,  in  the  arrangement  of 
these  coefficients.  Table  I.  The  heads  given  in  this 
table  were  measured  to  the  upper  side  of  the  orifices^ 
and  by  adding  half  the  depth  of  the  orifice  to  any  par- 
ticular head,  the  head  at  the  centre  will  be  obtained. 

As  a  perceptible  sinking  of  the  surface  takes  place 
for  heads  less  than  from  five  to  three  times  the  depth 
of  the  orifice,  the  coefficients  are  arranged  in  pairs^ 
the  first  column  containing  the  coefficients  for  heads 
measured  from  the  still  water  surface  some  distance 
back  from  the  orifice,  and  the  second  obtained  when 
the  lesser  heads,  measured  directly  at  the  orifice,  were 
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used.  A  very  considerable  increaid  in  the  value  of  the 
coefficients  for  very  oblong  and  shallow  small  orifices^ 
may  be  perceived  as  they  approach  the  surface,  and 
the  mean  value  for  all  rectilinear  orifices  at  consider- 
able depths,  seems  to  approach  to  *605  or  *606. 

It  is  shown,  equation  (29),  that  the  discharge  is 

approximately,  in  which  expression  d  is  the  depth  of 
the  orifice,  and  h  the  head  at  its  centre.  Now  it  is 
to  be  observed,  that  it  is  not  the  value  of  c^  simply^ 
which  is  given  in  Table  I.,  but  the  value  of  c^  x 

4  1  —  5^i-f  3  [ ,  the  coefficient  of  a  V2gh,  equation 

(29).  The  coefficients  in  the  table  are,  therefore,  less 
than  the  coefficients  of  discharge,  strictly  so  called, 

by  a  quantity  equal  to  A-—.     The  value  of  this  ex- 
96  h" 

pression  is  in  general  very  small,  and  it  is  easy  to 

perceive  from  the  first  of  the  expressions  in  equation 

(31),  pp.  49  &  50,  that  it  can  never  exceed  4*2  per  cent.,. 

or  more  correctly  •0417  in  unity.    If  it  be  required  to 

know  the  discharge  from  an  orifice  4  inches  square 

=  4"  X  4",  with  its  entire  4  feet  below  the  surface,  — 

which  is  equivalent  to  a  head  of  8  feet  10  inches  at 

the  upper  side.    From  the  table  the  value  of 

•is '601;  hence 


{'-9«}- 


i>  =  -601  X  A  VTTh  =  '601  X  -  X  8-025  x  2  = 


9 


•601  X  -  X  16-05  =  -  X  9-646  =  1*072 

9  9 
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cubic  feet  per  second.  In  the  absence  of  any  experi- 
ments with  larger  orifices,  when  they  occur,  it  is  best 
to  use  the  coeflScients  given  in  this  table;  and,  in 
order  to  do  so  with  judgment,  it  is  only  necessary  to 
observe  the  relations  of  the  sides  and  heads.  For 
•example,  if  the  side  of  an  orifice  be  16''  X  4",  then 
seek  for  the  coeflScient  in  that  column  where  the  ratio 
of  sides  is  as  four  to  one,  and  if  the  head  at  the 
upper  side  be  five  times  the  length  of  the  orifice,  the 
coejfficient  *626  will  be  found,  which  in  this  case  is  the 
same  for  depths  measured  behind,  or  at  the  orifice. 
For  lesser  orifices,  the  results  obtained  from  the 
•experiments  of  Michelotti  and  Bossuty  pages  54  and 
56,  are  most  applicable ;  and  also  the  coefiicients  of 
Rennie,  p.  69.  It  is  almost  needless  to  observe, 
that  all  these  coefficients  are  only  applicable  to  orifices 

^  in  thin  plates,  or 
those  having  the 
outside  arrises 
chamfered  as  in 
Fig.  8.  VeryUttle 
dependence  can  be 
placed  on  calcula- 
tions of  the  quan- 
tities of  water  dis- 
charged from  other  orifices,  unless  where  the  coeffi- 
cients have  been  already  obtained  by  experiment  or 
correct  inference  for  them.  If  the  inner  arris  next 
the  water  be  rounded,  the  coefficient  will  be  in- 
creased. 

NOTCHES  AND  WEIRS. 

Some  coefficients  have  been  already  given  at  pages 
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£7  and  58,  derived  from  experiments  of  Du  Buat, 
Brindley  and  Smeaton,  and  Poncelet  and  Lesbros,  for 
finding  the  discharge  over  notches  in  the  sides  of 
large  vessels ;  and  it  does  not  appear  that  there  is 
any  difference  of  importance  between  these  and  those 
for  orifices  sunk  some  depth  below  the  surfitce,  when 
the  proper  formula  for  finding  the  discharge  for  each 
is  used.  If  Poncelet  and  Lesbros'  coefl&cients  for 
notches,  page  58,  be  compared  with  those  for  an 
orifice  at  the  surface,  Table  I.,  there  is  little  prac- 
tical difference  in  the  results,  the  head  being  measured 
back  from  the  orifice,  unless  in  the  very  shallow 
depths,  and  where  the  ratio  of  the  length  to  the  depth 
exceeds  five  to  one.  The  depths  being  in  these 
examples  less  than  an  inch,  it  is  probable  that  the 
larger  coefficients  found  for  the  orifice  at  the  surface, 
luise  firom  the  upper  edge  attracting  the  fluid  to  it 
and  lessening  the  effects  of  vertical  contraction,  as 
well  as  firom  less  lateral  contraction.  Indeed,  the 
results  obtained  from  experiments  with  very  shallow 
weirs,  or  notches,  have  not  been  at  all  uniform,  and 
.^t  small  depths  the  discharge  must  proportionably 
be  more  affected  by  movements  of  the  air,  surface 
^adhesion,  and  external  circumstances  than  when  the 
-depths  are  considerable.  It  will  be  seen  that  in  Mr. 
Blackwell's  experiments  the  coefficient  obtained  for 
•depths  of  1  and  2  inches  was  '676  for  a  thin  plate  8 
feet  long,  while  for  a  thin  plate  10  feet  long,  it  in- 
<;reased  up  to  'BOS. 

The  experiments  of  Castel,  with  weirs  up  to  about 
SO  inches  long,  and  with  variable  heads  of  from  1 
to  8  inches,  lead  to  the  coefficient  '497  for  notches 
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extending  over  one-fourth  of  the  side  of  a  reservoir ; 
and  to  the  coeflScient  '664  when  they  extend  for  the 
whole  width.  For  lesser  widths  than  one-fourth,  the 
coefficients  decrease  down  to  '584 ;  and  for  those 
extending  between  one-third  of,  and  the  whole  width, 
they  increase  from  '600  to  '665  and  '680.  Bidone 
found  Cd  =  '620,  and  Eytelwein  c^  =  -635.  It  will  be 
perceived  from  these  and  the  foregoing  results,  that 
the  third  place  of  decimals  in  the  value  of  c^,  and 
even  sometimes  the  second,  is  very  uncertain;  that 
the  coefficient  varies  with  the  head  and  ratio  of  the 
notch  to  the  side  in  which  it  is  placed ;  and  it  will 
soon  be  shown  that  the  form  and  size  of  the  weir, 
weir-basin,  and  approaches,  still  further  modify  its 
value. 

When  the  sides  and  edge  of  a  notch  increase  in 
thickness,  or  are  extended  into  a  shoot,  the  coefficients 
are  found  to  reduce  very  considerably ;  and  for  small 
heads,  to  an  extent  beyond  what  the  increase  of 
resistance,  from  friction  alone,  indicates.  Poncelet 
and  Lesbros  found,  for  orifices^  that  the  addition  of 
a  horizontal  shoot,  21  inches  long,  reduced  the  coeffi- 
cient from  -604  to  -601,  with  a  head  of  4  feet ;  but  for 
a  head  of  only  4J  inches,  the  coefficient  fell  from 
*572  to  -488,  the  orifice  being  &'  x  8''.  For  notches 
8  inches  wide,  with  a  horizontal  shoot  9  feet  10  inches 
long,  the  coefficient  fell  from  '582  to  '479,  for  a  head 
of  8  inches ;  and  from  '622  to  '840,  for  a  head  of  only 

1  inch.  Castel  found  also,  for  a  notch  8  inches  wide 
with  a  shoot  8  inches  long  attached  and  inclined  at  an 
angle  4^  18^  that  the  mean  coefficient  for  heads  from 

2  to  4J  inches  was  only  '527.     Little  dependence  can. 
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therefore,  be  placed  on  experimental  results  obtained 
for  shoots  which  partake  of  the  nature  of  short  pipes, 
and  should  be  treated  in  like  manner  to  find  the 
discharge.* 

The  author  has  calculated  the  following  table  of 
coefficients  from  some  experiments  made  by  Mr.  Bal- 


COBTFICIBNTS  FOE  8H0KT  WEIKS  OVEB  B0AKD8. 

Heads  measured  on  the  crest. 

DepthB 
iniiiohea. 

Coefflcients. 

1   Depths 

CoeffldentB. 

D«pthi 
in  inches. 

CoeiBoienU. 

1 

762 

8 

•801 

5 

•783 

IJ 

•662 

H 

•765 

H 

•718 

^i 

•678 

z\ 

•748 

hi 

•736 

IJ 

•692 

H 

•740 

6} 

•729 

2 

•684 

4 

•769 

6 

•727 

2i 

•702 

4i 

•731 

7 

•716 

2i 

•766 

44 

•744 

8 

•726 

^ 

•786 

;   4f 

I 

•745 

1 

Mean 

•732 

lard,  on  the  river  Severn,  near  Worcester,  "with  a 
weir  2  feet  long,  formed  by  a  board  standing  perpen- 
dicularly across  a  trough."!  The  heads  or  depths 
were  here  measured  on  the  weiry  and  hence  the  coeffi- 
cients are  larger  than  those  found  from  heads  mea- 
sured back  to  the  surface  of  still  water. 

Experiments  made  at  Chew-Magna,  in  Somerset- 
shire, by  Messrs.  Blackwell  and  Simpson,  in  1850^  t 
give  the  following  coefficients. 

"  The  overfall  bar  was  a  cast-iron  plate  2  inches 
thick,  with  a  square  top."     The  length  of  the  over- 

*  Traits  Hydranliqne,  par  D^Aabnisson,  pp.  46,  94  et  96. 
t  Civil  Engineer  and  Architect's  Journal  for  1861,  p.  647. 
t  Civil  Engineer  and  Architect's  Journal  for  1861,  pp.  642  and 
646. 
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OOEFFICIENTS  DERIYED  FBOM  THE  EXFBBIMENTS  OF  BLACKWELL 
AND  SIMPSON. 


Heads 
in  inches. 

CkMffldents. 

Heads 
in  Inches. 

Coefficients. 

Heads 
in  inches. 

Coeffideuts. 

Itoi 
1  to  1ft 
2ft  to  2} 

StoSft 

•691 
•626 
•682 
•666 
•670 
•665 
•663 
•654 
•725 
•745 

4J 

5 

S&to5)t 
6H 

•743 

•760 
•741 
•750 
•725 
•780 
•781 
•749 
•751 
•728 

6 

64 
6ftto6J 

6« 

8to8{J 

^« 
Mean 

•749 
•748 
•747 
•772 
•717 
•802 
•737 
•750 
•781 
•723 

fall  was  10  feet.  The  heads  were  measured  from  still 
water  at  the  side  of  the  reservoir,  and  at  some  distance 
up  in  it.  The  area  of  the  reservoir  was  21  statute 
perches,  of  an  irregular  figure,  and  nearly  4  feet  deep 
on  an  average.  It  was  supplied  from  an  upper  reser- 
voir, by  a  pipe  2  feet  in  diameter  and  of  19  feet  fall ; 
the  distance  between  the  supply  and  the  weir  was 
about  100  feet.  The  width  of  the  reservoir  as  it 
approached  the  overfall  was  about  50  feet,  and  the 
plan  and  section.  Fig.  9,  of  the  weir  and  overfall  in 
connection  with  it,  will  give  a  fair  idea  of  the  circum- 
stances attending  the  experiments.  For  heads  over 
6  inches  the  velocity  of  approach  to  the  weir  was 
"  perceptible  to  the  eye,"  though  its  amount  was  not 
determined.  It  will  be  perceived  that  the  coefficient 
(derived  from  two  experiments)  for  a  depth  of  8  inches 
is  '802,  while  the  coeflScient  (derived  from  three 
experiments)  for  a  depth  of  Tfr  inches  is  '717,  and 
for  depths  from  8  to  8-f^  inches  the  mean  coefficient 
is  *743 :  as  all  the  attendant  circumstances  appear  the 
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same,  these  discrepancies  and  others  must  arise  from 
some  midescribed  circimistances  of  the  case :  perhaps 
the  supply,  and,  consequently,  the  velocity  of  approach, 
was  increased  while  making  one  set  of  experiments, 
without  affecting  the  still  water  near  the  side  where 
the  heads  appear  to  have  been  taken.  By  comparing 
the  results  with  those  obtained  by  one  of  the  same 
experimenters,   Mr.   Blackwell,   on  the   Kennet  and!* 


Avon  Canal,  we  shall  immediately  perceive  that  the 
velocity  of  approach,  and  every  circumstance  which 
tends  to  alter  and  modify  it,  has  a  very  important 
effect  on  the  amount  of  the  discharge,  and,  conse- 
quently, on  the  coefficient. 

The  experiments  made  by  Mr.  Blackwell,  on  the 
Kennet  and  Avon  Canal,  in  1850,*  afford  very  valuable 
instruction,  as  the  form  and  width  of  the  crest  were 

•  Ciyil  Engineer  and  Architect's  Journal,  1851,  p.  642. 
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varied,  and  brought  to  agree  more  closely  with  actual 
weirs  across  rivers  than  the  thin  plates  or  boards  of 
earlier  experimenters.  The  author  has  calculated  and 
arranged  the  coefficients  in  the  following  table  from 
these  experiments.  The  variations  in  the  values  for 
different  widths  of  crest,  other  circumstances  being 
the  same,  are  very  considerable ;  and  the  differences 
in  the  coefficients,  at  depths  of  5  inches  and  imder, 
for  thin  plates  and  crests  2  inches  wide,  are  greater 
than  mere  friction  can  account  for ;  and  greater  also 
than  the  differences  at  the  same  depths  between  the 
coefficients  for  crests  2  inches  thick,  and  8  feet  long. 


The  plan  and  section,  Fig.  10,  will  give  a  fair  idea 
of  the  approach  to,  and  nature  of  the  overfall  made 
use  of  in  these  experiments.     The  area  of  the  reser- 
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voir  was  2a.  1r.  80p.,  and  the  head  was  measured 
from  the  surface  of  the  still  water  in  it,  which  remained 
imchanged  between  the  begintiing  and  end  of  each 
experiment.  The  width  of  the  approach  a  b  from 
the  reservoir  was  about  82  feet ;  the  width  at  a  6 
about  18  feet,  below  which  the  waterway  widened 
suddenly,  and  again  narrowed  to  the  length  of  the 
overfall.  The  depth  in  front  of  the  dam  appears  to 
have  been  about  3  feet ;  the  depth  on  the  dam,  next 
the  overfall,  about  2  feet ;  and  the  depth  on  the  sunk 
masonry  in  the  channel  of  approach,  about  18  inches. 
Altogether,  the  circumstances  were  such  as  to  increase 
the  amount  of  resistances  between  the  reservoir,  from 
which  the  head  was  measured,  and  the  overfall,  par- 
ticularly for  the  larger  heads,  and  it  is  accordingly 
seen  that  the  coefl&cients  become  less  for  heads  over 
six  inches,  with  a  few  exceptions.  The  measure- 
ments of  the  quantities  discharged  appear  to  have 
been  made  very  accurately,  yet  the  discharges  per 
second,  with  the  same  head  and  same  length  of  over- 
fall, sometimes  vary;  for  instance,  with  the  plank 
2  inches  thick  and  10  feet  long,  the  discharge  per 
second  for  4  inches  head  varied  from  6*098  cubic 
feet  to  6*491  cubic  feet,  or  by  about  one-sixteenth  of 
the  whole  quantity.  Most  of  the  results,  however, 
are  means  from  several  experiments.  The  quantities 
discharged  varied  from  one-tenth  of  a  cubic  foot  to 
22  cubic  feet  per  second,  and  the  duration  of  the 
experiments  from  24  to  420  seconds.  If  the  coeffi- 
cients for  a  plank  10  feet  long  and  2  inches  thick 
in  the  foregoing  table  be  compared  with  those  for  the 
same  overfall  at  Chew-Magna,  it  will  be  seen  imme- 
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diately  how  much  the  form  of  the  approaches  affects 
the  discharge.  Indeed,  were  the  area  of  the  reser- 
voir at  Chew-Magna  even  larger  than  that  for  the 
Kennet  and  Avon  experiments,  it  would  be  found, 
notwithstanding,  that  the  coefficients  in  the  former 
would  still  continue  the  larger,  though  not  fully 
as  large  as  those  found  under  the  particular  cir- 
cumstances.* 

The  following  table  gives  the  mean  results  of  88 
experiments  made  by  Francis,  at  the  Lower  Lock, 
Lowell,  Massachusetts,  in  1852.  The  duration  of 
each  of  these  experiments  varied  from  180  to  822 
seconds.  The  coefficients  in  column  10  have  been 
calculated  by  the  author,  and  the  other  results  con- 
densed from  the  large  table  given  in  Francis'  Book.t 
The  heads  given  in  the  6th  column  are  those  which 


*  There  is  a  very  important  omiasion  in  all  the  preceding  experi* 
tnents  on  weirs  and  notches.  In  Fig.  10,  for  instance,  it  woold  hare 
been  necessary  to  obtain  the  heads  at  A  B  and  a  i  in  each  experiment^ 
:aboye  the  crest,  and  also  the  head  on  and  a  few  feet  above  the  crest 
itself.  These  are,  perhaps,  best  calculated  by  means  of  the  obsenred 
velocity  of  approach.  They  would  indicate  the  resistances  at  the 
different  passages  of  approach,  and  enable  us  to  calculate  the  ooeffi* 
cients  correctly,  and  thereby  render  them  more  generllay  applicable  to 
practical  purposes.  The  coefficients  in  the  two  previous  tables  are  not 
as  valuable  as  they  otherwise  would  be  from  this  omission.  The  level 
of  still  water  near  the  banks  is  below  that  of  the  moving  water  in  the 
current ;  therefore,  heads  measured  frtmi  still  water  must  give  larger 
coefficients  than  if  taken  from  the  centre  of  the  current.  This  may 
account,  to  some  extent,  for  the  larger  coefficients  in  the  first  table, 
hot  apart  from  this,  the  short  contracted  channel  immediately  above 
the  waterfall.  Fig.  9,  must  increase  the  velocity  of  approach,  and  conse- 
quently the  coefficients. 

t  Lowell  Hydraulic  experiments.    New  Tork,  1855. 
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10 


9-997 
9-997 
9-997 
7-997 
9-997 
9-995 
9-995 
9-997 
9*997 
9-995 
9-997 
9-997 
7-997 


I 

h 

■%a 
11 


?8 


% 


1  "   a 

•s    II   ■§ 
I   "J 


1-55 
1-24 
1-00 
101 
1-05 
0-98 
1-00 
0-80 
0-82 
0-80 
0-62 
0-66 
0-68 


62-0 

45-6 

88-4 

26-8 

86 

32-6 

88-5 

28-5 

25 

28-9 

16-2 

17-5 

14-6 


•78 
•59 
•44 
•86 
•97 
•54 
•55 
•88 
•75 
•40 
•28 
•58 
•45 


1-56 

1-26 

1-00 

102 

1-06 

0-99 

1^01 

•80 

•83 

•80 

•62 

•65 

•68 


1-56 

1-26 

100 

1-02 

1-06 

•98 

1-00 

•80 

•83 

•80 

•62 

•65 

•68 


62-6 
45-4 
826 
26  3 
358 
32-4 
83-3 
234 
24^8 
23-8 
16-0 
17-2 
14-5 


8-32 
3-83 
3-32 
3^36 
3-35 
3-34 
3-88 
8-32 
3-84 
3-34 
8-33 
3-33 
8-84 


•621 
•623 
-621 
•628 
•626 
•624 
•628 
•621 
•624 
•624 
•628 
•628 
•628 


would  give  the  observed  discharge  from  the  formula 
Ab  also  from  equation  (89) 

therefore, 

the  values  of  which  are  given  in  column  6.  The 
values  of  h"  in  column  8  are  those  which  would  be 
found  by  resolving  the  equation 


Digitized  by  VjOOQ  IC 


ORIFICES,   WEIRS,  PIPES,  AND  RIVERS.  73 

n  being  the  number  of  end  contractions,  and  c  a 
multiplier  varying  from  S'82  to  8*86. 

In  this  table  the  theoretical  head  -^  =  '0155  r  J  due 

to  the  velocity  of  approach  has  been  used  and  does 
not  exceed  '02  of  a  foot.     However,  this  head  is  much 

greater,  and  should  be  taken  =    ^  v*o     =    '04  rj  or 

thereabouts.  This  would  reduce  the  values  of  the 
coefficient  of  discharge  c^  in  the  10th  column.  The 
diflferences  between  A,  h\  and  h"  in  columns  3,  6,  and 
7  are  here,  practically,  of  littie  moment,  and  the  value 
of  Cd  in  column  10  would  be  nearly  the  same  derived 
from  either.  The  crest  of  the  weir  experimented  upon 
was  1  inch  thick.  The  weir  measuring  10  feet  x  13 
inches  x  1  inch,  the  top  was  rounded  off  at  both 
arrises,  leaving  the  central  horizontal  portion  one 
quarter  of  an  inch  wide.  The  general  result  of  these 
experiments  verifies  the  ordinary  coefficient  for  notches, 
in  thin  plates  from  '617  to  '628  for  the  value  of  c^. 

Professor  Thomson's  experiments  with  right-angled 
triangular  notches,  in  thin  plates,  give  a  mean  coeffi* 
cient  of  '617.     Vide  Note  p.  42. 


HEAD,  AND  FROM  WHENCE   MEASURED. 

By  referring  to  Table  I.,  it  is  seen  that  there  is  a 
difference  in  the  coefficients  as  obtained  from  heads 
measured  on  and  above  the  orifice.  This  difference  is 
greater  in  notches,  or  weirs,  than  in  orifices  sunk 
below  the  surface ;  and  when  the  crest  of  a  weir  is  of 
some  width,  the  depths  upon  it  vary.     In  the  Kennet 
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and  Avon  experiments,  the  heads  measured  from  the 
surface  of  the  water  in  the  reservoir,  and  the  depths 
at  the  "  outer  edge"  (by  which  is  understood  the  lower 
edge)  of  the  crest  were  as  follows : — 

DIFFERENCE  OF  HEADS  MEASURED  ON  AND  ABOVE  WEIBS. 


1^ 

ta 


Heads  on  crests 
2  inches  thick. 


I 
I 


60 
§ 

1 


Heads  on  crests  8  feet  wide. 
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§1^ 


II 

II 


h 

J5 


8 
4 
5 
6 
7 
8 
9 
10 


8to2tJ 


4J 


2| 


1! 

li 

2J 
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21 


2J 
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ij 


3* 
3i 
4 


i'i 
2i 
si 


No  intennediate  heads  are  given,  bat  those  registered 
point  out  very  clearly  the  great  differences  which  often 
exist  between  the  heads  measured  on  a  weir,  or  notch, 
and  those  measured  from  the  still  water  above  it ;  and 
how  the  form  of  the  weir  itself,  as  well  as  the  nature 
of  the  approaches,  alters  the  depth  passing  over.  On 
a  crest  2  feet  wide,  with  14|  inches  depth  on  the  upper 
edge,  we  have  foimd  that  the  depth  on  the  lower  edge 
is  reduced  to  llj  inches,  or  as  1'26  to  1.  The  head 
taken  from  8  to  20  feet  above  the  crest,  where  the 
plane  of  the  approaching  water  surface  becomes  curved, 
is  that  in  general  which  is  best  suited  for  finding  the 
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discharge  by  means  of  the  common  coefficients,  but  a 
correct  section  of  the  channel  and  water-line,  showing 
the  different  depths  upon  and  for  some  distance  above 
the  crest,  is  necessary  in  all  experiments  for  deter- 
mining accurately  by  calculation  the  value  of  the 
coefficient  of  discharge  c^. 

Du  Biiat,  finding  the  theoretical  expression  for  the 
discharge  through  an  orifice  of  half  the  depth  A, 

equation  (6) 

to  agree  pretty  closely  with  his  experiments,  seems 

.  '  h  , 

to  have  assumed  that  the  head  h  is  reduced  \jo  ^m 

passing  over.  This  is  a  reduction,  however,  which 
never  takes  place  imless  with  a  wide  crest  and  at  its 
lower  edge,  or  where  the  head  h  is  measured  at  a  con- 
siderable distance  above  the  weir,  and  when  a  loss  of 
head  due  to  the  distance  and  obstructions  in  channel 
takes  place.  When  there  is  a  clear  weir  basin  imme- 
diately above  the  weir,  the  author  has  found  that, 
putting  h  for  the  head  measured  from  the  surface  in 
the  weir  basin,  and  h^  for  the  depth  on  the  upper  edge 
of  the  weir,  that 

(32.)  A  -  A^  =  -14  \/X 

for  measures  in  feet,  and 
(83.)  A  -  ft^  =  -48  sTh, 

for  measures  in  inches.  The  comparative  values  of 
h  and  h^  depend,  however,  a  good  deal  on  the  particular 
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circumstances  of  the  case.  Dr.  Eobinson  found* 
h  =  I'lll  hyfy  when  h  was  about  5  inches.  The 
expressions  given  are  founded  on  the  hypothesis,  that 
A  —  ft^  is  as  the  velocity  of  discharge,  or  as  the  *s/~h 
nearly.  For  small  depths,  there  is  a  practical  difficulty 
in  measuring  with  sufficient  accuracy  the  relative 
values  of  h  and  h^.    Unless  for  very  small  heads  the 

h  h 

sinking  will  be  found  in  general  to  vary  from  Tq^^a* 

and  in  practice  it  will  always  be  useful  to  observe  the 
depths  on  the  weir  as  well  as  the  heads  for  some  dis- 
tances (and  particularly  where  the  widths  contract) 
above  it. 

In  order  to  convey  a  more  definite  idea  of  the 
difierences  between  the  coefficients  for  heads  measured 
at  the  weir,  or  notch,  and  at  some  distance  above  it, 

assume  the  difference  of  the  heads  A  —  ft-  =   ■ —  ; 

^         r 

r  +  1  '»• 

hence  ft  = ft^  and  ftw=- 


r      '^  ~*"  '^"r  +  1  "" 
Now  the  discharge  may  be  considered  as  that  which 
would  take  place  through  an  orifice  whose  depth  is  h^ 
with  a  head  over  the  upper  edge  equal  to  ft  —  ft^ 

=  "7^;  hence  from  equation  (6)  the  discharge  is  equal  to 
|W2,xc,(/.»-(^)«}, 

and  substituting  for  ft  its  value  ( ft^j  ,  then  the 

*  Proceedings  of  the  Royal  Irish  Academy,  vol.  iv.  p.  212. 
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value  of  the  discharge  is 

(84.)    D  =  |jAwV27A,xca|(l  +  J)*-(jy}. 
As  the  value  would  be  expressed  by 

if  the  head  h  —  h^  were  neglected,  it  is  evident  the 
coefl&cient  is  increased,  under  the  circumstances,  from 

-{0-J)'-C-)'}^ 

or,  more  correctly,  the  common  formula  has  to  be 

multiplied  by  f  1  +  Z]  ""(")*>  *^  ^^  ^^^  ^^^^  ^^^' 
charge,  and  the  value  of  this  expression  for  different 

values  of  -  =  n  will  be  found  in  Table  IV.    If  it  be 

T 

supposed  that 

h-K=  Yo'  ^^^  r  ~  10  ~^' 
and  find  from  the  table  f  1  +  ^J  -  (J)^  =  1-1221. 

Now  if  the  value  of  c^  be  taken,  for  the  ftill  head  h,  to 
be  -628,  then  will  1-1221  x  -628  =  '705,  rejecting 
the  latter  figures,  be  the  coefficient  when  the  head  is 

1        2 

measured  at  the  orifice;  and  if  ""  =  in  —  ^'  *^®^  ^ 

the  same  manner  the  new  coefficient  would  be  found  to 
be  1-2251  X  -628  =  -769  nearly.  The  increase  of  the 
coefficients  determined,  page  65,  from  Mr.  Ballard  s 
experiments  is,  therefore,  evident  from  principle,  as 
the  heads  were  taken  at  the  notch ;  and  it  is  also  pretty 
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clear  that,  in  order  to  determine  the  true  discharge^  the 
heads  both  on,  at,  and  above  a  weir  should  be  taken. 
Most  of  the  discrepancies  in  the  coefficients  determined 
from  experiment  have  arisen  from  imperfect  and  limited 
observations  of  the  facts.  Amongst  these  the  velocity 
of  approach  should  never  be  neglected  by  observers, 
as  its  effect  on  the  discharge  is  often  considerable  in 
increasing  the  quantity.  The  effect  of  the  form  of  the 
weir  and  approaches  is  scarcely  ever  sufficiently  con- 
sidered by  professional  men.  Most  of  the  discussions 
which  arose  with  reference  to  the  gaugings  on  the 
Metropolitan  Main  Drainage  Question  would  have 
been  obviated  if  the  calculators,  or  engineers,  had 
taken  into  accoimt  the  different  circumstances  attendant 
on  it,  instead  of  applying  generally  a  formula  suited 
to  a  particular  case,  namely,  a  thin  crest,  a  small  notch, 
and  a  large  body  of  water  immediately  above  it ;  and 
applied  a  correct  formula  for  including  the  effects  of 
the  velocity  of  approach. 

The  two  following  tables  have  been  reduced  to 
English  feet  measures,  from  Boileau's  experiments; 
they  show  the  relation  of  the  head  to  the  depth  on  the 
crest  at  the  upper  arris.  The  coefficient  for  the  head 
h  being  known,  that  due  to  h^  on  the  weir,  may  be 
calculated  from  equation  (84). 

If  the  head  h^  were  used  instead  of  h,  to  calculate 

the  discharge,  then  when  t-  =  1*2,  a  coefficient  of  '628 
for  the  head  h  would  become  '769  for  the  head  h^  in 
equation  (34).  For  -  =  '2,  and,  therefore.  Table 
IV.,  -628  X  (l-2)i  -  (-2)?  =  -628  x  1-2251  =  -769. 
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Table  showing  the  ratio  of  the  head,  h,  to  the  depth,  h^  on  a  Planh 
Weir  of  the  full  width  of  the  Channel,  immediately  at  the  upper  edgc^ 
w  — - ,  <e«  equation  (33),  when  the  sheet  of  water  is  free  after  passing 
over,  wiih  air  under  it. 


i 

Values  of  the  head  h  divided  by  the  thickness  of  the  sheet  of 

1 

water  passing 
average  ^  = 

over  the  weir  immediately  at  the  upper  edge ; 
^  =  1-2  between  heads  of  3  and  14  inches. 

HendA 

in  feet 

Height  of 
weir  in  feet. 

Height  of 
weir  In  feet, 

Height  of 
weir  in  feet. 

Height  of 
weir  in  feet. 

1 

•sc. 

1-or. 

IBS'. 

1-71'. 

•1 

1-339 

1-285 

•18 

1-282 

1-320 

1-250 

•16 

1-260 

,  , 

1-286 

1-228 

•20 

1-234 

1-243 

1-249  ' 

1-214 

•28 

1-223 

1-232 

1-231 

1-205 

•26 

1-216 

1-232 

1-223 

1-200 

•8 

1-212 

1-228 

1-218 

1-199 

•38 

1-210 

1-226 

1-217 

1-199 

•39 

1-206 

1-221 

1-112 

1-197 

•46 

1-202 

1-216 

1-206 

... 

•53 

1-199 

1-201 

•59 

1-196 

... 

1-196 

•66 

1-192 

... 

1-191 

•82 

1-186 

... 

.. 

•99 

1-184 

... 

... 

., 

1-15 

1-182 

... 

... 

•• 

If  the  head  ft^  were  usedinstead  of  A  to  calculate  the  dis- 
charge, when  J-  =  1*25,  Table  next  page,  then  a  coeflB- 
cient  of  •628  ior  the  headA  would  become  '799for  the  head 
h^  n  equation  (34).    For  —  =  '25 ;  and,  therefore, the 


628 


value  ^f  <^d{  (l  +  jy  -  (^y  } ,  Table  IV.,  is 

X  (1-25)1  -  (-25)1  =  -628  x  1-2725  =  -799.    And  so 
on  we  may  calculate  the  value  of  the   coefficient  to 
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be  applied  to  the  depth  h^  on  the  weir,  for  any  other 
ratios  between  h  and  h^  by  means  of  equation  (84). 


Table  shewing  the  ratio  —,  cqtuUion  (38),  wTun  ike  sheet  of  water 
hw 
passing  over  is  in  contact  wUh  (he  crest  and  vnth  the  water  imme" 

diately  lelow  a  Plank  Weir, 


Values  of  ^  for  different  heighta  of  weirs  and  for  different 

heads;  mean  value  for  heads  between  3  and  14  inches,  equal 
5  =.l-26. 

Head  A 

in  feet 

Height  of  weir 
fiifeet. 

Height  of  weir 
to  feet, 

Height  of  weir 
Lfeet, 

lor. 

ir. 

1-88'. 

•48 

... 

1283 

•46 

^ 

1-275 

1-291 

•49 

1-266 

1-266 

1-281 

•63 

1-250 

1-258 

1-271 

•69 

1-286 

1-245 

1-254 

•66 

1-225 

1-232 

1-241 

•73 

1-216 

1-228 

... 

•79 

1-208 

1-216 

•86 

1-202 

1-208 

... 

•92 

1-198 

1-208 

•99 

... 

1-198 

... 

Boileau  made  some  valuable  experiments  at  Metz, 
which  were  published  in  1864.  They  give  the  follow- 
ing results  for  vertical  plank  weirs  extending  from  side 
to  side  of  the  channel,  when  the  water  passed  over 
without  adhering  to  the  crest : — 


Height  of  weir  over  bot- 
tom of  channel  in  feet 

Head  above. 

8- 

•2  tore 

•646 

1-8 

•16  to    -6 

•622 

•6 

•16  to    -25 

•626 

When  the  water  passing  over  adhered  to  the  crest, 
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Mean  coefficient 

1-      to  1-6 

•694 

•6    to  1-8 

•690 

•86  to  1-3 

•675 
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and  no  air  between  the  sheet  passing  over  and  the 
water  below  the  weir,  the  experiments  gave 

Height  of  weir  over  bot- 
tom of  diannel  in  foet 

2- 
1-3 
•6 

When  flie  plank  weir  leant  up-streain  4  inches  to  a 
foot,  the  mean  value  of  c^  was  '620,  the  height  of  weh' 
being  1*5  foot,  and  with  heads  from  •23  to  '5  foot. 
"When  its  crest  was  rounded  to  a  semi-cylinder,  the 
coefficient  was,  with  a  head  of  '26  foot,  '696,  and  witli 
a  head  of  '52  foot,  '843  ;  the  water  adhering  to  the  crest. 
With  a  head  of  '6  foot  the  coefficient  was  '867,  and  with 
a  head  of  '85  foot,  '840,  when  the  water  passed  over 
without  air  between  it  and  the  water  below  the  crest. 
The  following  tables  give  the  experimental  and  reduced 
coefficients  for  vertical  plank  weirs  of  different  heights, 
and  with  different  heads,  when  the  water  passes  over 
in  a  full  sheet,  and  also  when  it  adheres  to  the  crest 
and  joins  it  and  the  lower  water.  Also  for  plank  weirs 
suitable  for  sluices,  leaning  up-stream  with  a  slope  of 
one-third  horizontal  to  one  vertical. 
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"Coefficients  of  Vertical  Plaiik  Wclrs  at  right  angles  to  the  Chanrul, 
token  the  edge  is  chamfered  at  the  lower  arris,  a)id  when  the  head 
passing  over  is  in  contact  vHth  the  loater  ai  and  below  the  Weir ;  or 
when  the  water  immediately  below  the  Weir  rises  to  the  crest.  Tha 
maximum  coefficient  *733  appears  to  obtain  tchen  the  luight  of  Iht 
Weir  is  double  th^  depth  parsing  over  the  crest. 


Heights  of  weira,  in  feet,  oyer  the  bottom  of  the 

channel,  and 

2^ 

corroftpondiiiff  values  of  the  coefficient  of  dtscbiuve  ca  ^  ^^ 

1^ 

^^                                   fonnula  r  =  c^  x  }  \/'i  g 

A. 

tS  ^ 

S5 

.   -66'  1  •82' 

•99'    1-15' 

1^32' 

r48' 

1-65' 

1-81' 

1-98' 

•30 

•30     -727 

•33  1  -724 

... 

•33 

•36     -721 

•36 

•39  I  -718 

... 

•39 

•43     -714 

... 

... 

... 

... 

•43 

•46  :  ^709 

... 

•46 

•49  1  -702 

•708 

•715 

•724 

•49 

•53     -694 

•699 

•708 

•718 

..• 

•53 

•56     ^687 

•693 

•700 

•712 

•729 

•56 

•59  ,  ^679 

•687 

'694 

•705 

•721 

... 

•59 

•63    ^676 

•682 

•689 

•700 

•717 

... 

•63 

•66     -672 

•678 

•684 

•696 

•714 

... 

... 

•66 

•73  t   667 

•672 

•678 

•690 

•708 

•733 

•73 

•79  j  -661 

•666     -673 

•685 

•705 

•729 

•79 

•86  t   655 

•660 

•669 

•681 

•700 

•724 

•86 

•92     ^648 

•655 

•666 

•678     ^699 

•720 

•92 

•99  1  -640 

•652 

•666 

•678     -693 

•703 

•712 

•720 

•729 

•99 

1-05  i  -681 

•645 

•657 

•669 

•681 

•691 

•702 

•711 

•720 

105 

1-12    -627 

•636 

•646 

•657 

•667 

•679 

•690 

•700 

•711 

M2 

119    -625 

•636 

•646 

•667 

•666 

•675 

•685 

•694 

•703 

1^19 

1-25      625 

•636 

•646 

•657 

•666 

•675 

•682 

•690 

•696 

1^25 

132 

•625 

•636 

•646 

•657 

•666 

•673 

•679 

•685 

•691 

1-32 

1-39 

... 

..• 

•666 

•672 

•678 

•682 

•684 

189 

1-45 

••« 

•664 

•670 

•675 

•679 

•684 

1-45 

1-52 

... 

•661 

•667 

•672 

•676 

•681 

152 

1^58 

... 

•658 

•663 

•669 

•672 

•675 

1-58 

1-65 

... 

... 

•655 

•658 

•663 

•666 

•667 

165 

The  effect  of  the  form  of  the  crest  in  increasing  the 
coefficients  is  distinctly  observable  in  the  next  table, 
although  the  weirs  experimented  on  overhung  the  water 
above,  between  the  crest  and  the  bottom  of  the  channel. 

o2 
d  by  Google 
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The  following  table  gives  the  result  of  experiments 
on  chamfered  plank  weirs,  for  gauging,  extending  across 
a  channel  at  right  angles  to  it,  when  the  back-water 

Table  of  Experimental  Coefficunisfar  Plank  Weirs  leaning  up-stream  y, 
when  the  crest  has  the  dovmrstream  arris  rounded  to  a  quadrant ;  and 
ivJten  the  crest  is  cylindrical  and  projecting  up-stream  in  the  form  of 
a  knob. 


Head  A 

Plank  weir  leaning  up-stream 
one-third  to  one;    the  lower 
arris  of  crest  rounded  off  to  a 
quadrant  of  a  circle  with   a 
radius  the  full  thickness   of 
the  plank. 

Plank  weir  leaning  upwards 

rounded    and    projecting    in 
front  beyond  the  plank,  so  as 
to  be  thicker  than  it 

in  feet 

Water  free 

Water  in 

Water  in 

Water  in 

from  curve  of 

contact  with 

contact  with 

contact  with 

crest  13  foot 

curre  of  crest 

curve  of  crest 

curve  of  crest 

thick. 

•17  foot  thick. 

•8  foot  thick. 

•33  foot  thick.  ) 

f 

•16 

•589 

•651 

•20 

•589 

•672 

... 

... 

•23 

•594 

•697 

•26 

•612 

•697 

•30 

•683 

•721 

•670 

•83 

•642 

•747 

•604 

•686 

•36 

•649 

•766 

•625 

•700        ^ 

•39 

•655 

•768 

•648 

•714        , 

•43 

•661 

•795 

•669 

•727        1 

•46 

•667 

•802 

•687 

•741 

•49 

•676 

... 

•702 

•753 

•63 

•679 

... 

•715 

•765 

•56 

•685 

••■ 

•729 

•775        1 

•59 

... 

•741 

•786 

•68 

«.* 

... 

•753 

•795        ' 

•66 

... 

,., 

•762 

•802     ; 

•69 

... 

••• 

••• 

•808        ' 

•72 

... 

... 

••• 

•818 

below  was  joined  to  the  head-water  at  passing  over,  and 
when  there  was  no  air  between  : — 


feet    feet   feet   feet    feet    feet    feet    feet 

°S?cl^iJ3w^*!"^'^*^}*«»      '^     ^"^    ^'l*    1*^    ^'^    ^***    2-0(> 
Heads  passing  overthe  weir  in  each  ) 

case,  when  absorbed  at  the  crest  V23      -31       -38      '45      •fil      •SO      '66      t>2 

into  the  back-water  .) 
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whicli  shows  that  the  head  was  drowned  {noyee)  when 
the  depth  of  the  lower  channel  below  tlie  crest  of  the 
weir  was  less  than  2^  times  the  head  passing  over, 
taking  a  general  average. 

It  is  necessary  here  to  protest  against  the  nota- 
tion adopted  by  Boileau,  Morin  and  others,  of  giving 
only  two-thirds  of  the  coefficient  of  discharge,  Cd,  for 
notches  and  weirs,  instead  of  the  full  and  true  value. 
The  correct  formula  for  the  discharge  from  a  notch  or 

weir  is  D  =  -  Z  /i  V  2  gr  A.    Now  they  assume   a   coeffi- 

-cient  due  to  an  incorrect  formula  v  =  I  h  V  2  g  h, 

wliich  reduces  q  to  -  c^  to  give  the  same  final  results* 

This  leads  also  to  an  unnecessary  distinction  between 
the  coefficients  of  orifices  at  the  surface,  or  notches, 
4md  orifices  sunk  to  some  depth,  which,  practically, 
have  the  same,  or  nearly  the  same,  general  value.  Mr. 
Hughes,  at  p.  328  of  his  useful  treatise  on  Water- works, 
iirst  edition,  falls  into  the  same  error,  for  the  theore- 
tical dischai'ge  per  minute  over  a  weir  one  foot  long  is 

<821  h*y  and  not  481  h^,  as  he  sanctions.  In  the  edition 
of  1872,  however,  p.  876,  he  gives  both,  with  a 
-common  factor  m,  giving  Mr.  Blackwell  as  an  authority 
for  the  former.  The  factor  m  must  be  the  coefficient 
of  discharge  and  cannot,  in  the  same  case,  have  two 
<lifferent  values.  The  coefficients  for  a  notch  and  an 
orifice  are  svbstantiaUy  Hie  same  if  correct  fornitiUe  for 
Xhe  tluoretical  discharges  be  adopted. 
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SECTION  IV. 

VABIATIONS  IN  THE  COEFFICIENTS  FROM  THE  POSITION" 
OF  THE  ORIFICE. — GENERAL  AND  PARTIAL  CONTRAC- 
TION.— ^VELOCITY  OF  APPROACH. — CENTRAL  AND  MEAN 
VELOCITIES. — ^l^RACTICAL  FORMULAE  FOR  THE  DIS- 
CHARGE  OVER   WEIRS  AND  NOTCHES. 

A  glance  at  Table  I.  will  show  that  the  coefficients, 
increase  as  the  orifices  approach  the  surface,  to  a 
certain  deptli  dependent  on  the  ratio  of  the  sides,  and 
that  this  increase  increases  with  the  ratio  of  the  length 
to  the  depth  :  some  experimentei's  have  found  the 
increase  to  continue  uninterrupted  for  all  oiifices  up  ta 
the  surface,  but  this  seems  to  hold  only  for  depths, 
taken  at  or  near  the  orifice  when  it  is  square  or  nearl}' 
so  :  it  has  also  been  foimd  that  the  coefficient  increases 
as  the  orifice  approaches  to  the  sides  or  bottom  of  a 
vessel :  as  the  contraction  becomes  imperfect  the  co- 
efficient increases.  These  facts  probably  arise  fi*om 
the  velocity  of  approach  being  more  du'ect  and  concen- 
trated under  the  respective  circumstances.  The  lateral 
orifices  A,  33,  c,  D,  E,  F,  G,  H,  I,  and  k.  Fig.  11,  have 
coefficients  difiering  more  or  less  from  each  other.  The 
coefficient  for  a  is  found  to  be  larger  than  eitlier  of 
those  for  b,  c,  e,  or  d  ;  that  for  g  or  k  larger  than  that 
for  H  or  I ;  that  for  h  larger  than  that  for  i;  and  that 
for  F,  where  the  contraction  is  general,  least  of  all.. 
The  contraction  of  the  fluid  on  entering  the  orifice  f 
removed  from  the  bottom  and  sides  is  complete ;  it  is. 
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termed,  therefore,  ** general  contraction ;"  that  at  the 
orifices  A,  e,  g,  h,  i,  k,  and  d,  is  interfered  with  by  the' 
sides ;  it  is  therefore  incomplete,  and  termed  ** partial 
contraction,'*  The  increase  in  the  coefficients  for  the 
same-sized  orifices  at  the  same  mean  depths  may  be 


assumed  as  proportionate  to  the  length  of  the  perimeter 
at  which  the  contraction  is  partial,  or  from  which  the 
lateral  flow  is  shut  off ;  for  example,  the  increase  for 
the  orifice  g  is  to  that  for  h  as  c  d  +  d  c  :  d  c ;  and  in 
the  same  manner  the  increase  for  g  is  to  that  for  e  as 
cd  •¥  de  I  cd.  If  n  be  put  for  the  ratio  of  the  con- 
tracted portion  c  d  «  to  the  entire  perimeter,  and,  as 
before,  c^  for  the  coefficient  of  general  contraction,  then 
the  coefficient  of  partial  contraction  is  equal  to 
(85.)  Q  +  -09  ?i  =  <•*  +  •!  w  nearly, 

for  rectangular  orifices.  The  value  of  the  second  term 
•09  n  is  derived  from  various  experiments.  If  'GIT  be 
taken  for  the  mean  value  of  c^^  the  expression  may  be 
changed  into  the  form  (1  +  '146  n)  c^.  When  n  =  J, 
this  becomes  1'086  c^ ;  when  n  =  J,  it  becomes  1*078 
€  ;  and  when  n  =  J,  contraction  is  prevented  for 
three-fourths  of  the  peiimeter,  and  the  coefficient  for 
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partial  contraction  becomes  1*109  c^.  The  form  which 
is  given  in  equation  (35)  is,  however,  the  simplest ; 
but  the  value  of  n  must  not  exceed  f .  If  in  this  case 
Cd  =  '617,  the  coeflScient  for  partial  contraction  be- 
comes -617  +  -09  X  f  =  -617  +  -067  =  '684.  Bidone's 
experiments  give  for  the  coefficient  of  partial  contrac- 
tion (1  4-  -152  n)  Cd ;  and  Weisbach's  (1  4-  '132  n)  c^. 

VARIATION  IN   THE   COEFFICIENTS   FROM  THE   EFFECTS 
OF  THE   VELOCITY   OF   APPROACH^ 

Heretofore  it  has  been  generally  supposed  that  the 
water  in  the  vessel  is  almost  still,  its  surface  level  un- 
changed, and  the  vessel  consequently  large  compai*ed 
with  the  area  of  the  orifice.  When  the  water  flows  in 
a  channel  to  the  orifice  with  a  perceptible  velocity,  the 
contracted  vein  and  the  discharge  are  both  found  to  be 
increased,  other  circumstances  being  the  same.  If 
the  area  of  the  vessel  or  channel  in  fi-ont  exceed  thirty 
times  that  of  the  orifice,  the  discharge  will  not  be  per- 
ceptibly increased  by  the  induced  velocity  in  the  con- 
duit ;  but  for  lesser  areas  of  the  approaching  channel^ 
corrections  due  to  the  velocity  of  approach  becolne 
necessary.  It  is  clear  that  this  velocity  may  arise 
fi*om  either  a  surface  inclination  in  the  channel,  an 
increase  of  head,  or  a  small  channel  of  approach  sup* 
plied  in  some  way. 

Equation  (6)  gives  the  discharge  from  a  rectangular 
orifice  A,  Fig.  12,  of  the  length  {,  with  a  head  measured 
from  still  water 
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ill  which  hi,  and  h^  are  measured  to  the  surface  at  some 
<listance  back  from  the  orifice,  as  shown  in  the  section. 
The  water  here,  however,  must  move  along  the  channel 
towards  the  orifice  with  considerable  velocity.  If  A  be 
the  area  of  the  orifice,  and  c  the  area  of  the  channel, 
it  may  be  supposed,  with  tolerable  accuracy,  that  this 


Fig.  12 


•wy/Aimi^My///yy^^^^^ 


velocity  is  equal  to  -io>  in  which  Vq  represents  the 
mean  velocity  in  the  orifice.  If  the  velocity  of  approach 
be  represented  by  t\,  then 

(36.)  '^••  =  ^X  ^'oy 

and  consequently  the  theoretical  height  due  to  it — the 
t^ame  as  when  there  is  no  contraction  at  the  vena-con- 
tracta — ^is 

fc.  =  4xi2  =:-0155^^h 


(87.) 


and  taking  the  head  due  to  contraction, 
&c.,  into  account 

h^  =  ^  X-^,  =  -0155^' 
c^      2gcl  C5C- 


in  feet  measures.*    The  height  h^  may  be  considered 

*  When  the  approaohing  velocity  paBses  throtigh  the  orifice  without 
contnctioD,  it  is  evident  that  the  head  h^  reqnired  to  produce  that 
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as  an  increase  of  head,  converting  Jib  ^^  K  +  ^»>  ^^^^ 
ht  into  hi  +  h^.  The  discharge  therefore  now  be- 
comes 

(88).      D  =  icdI\/27  {(Ab  +  hj-  (h  +  W*}; 
which,  for  notches  or  weirs,  is  reduced  to 

(39.)        D  =  i  ca  Z V2^  {  (/'b  +  ^>J -/'.*}  .* 

as  ^t  then  vanishes.  As  d  is  also  equal  to  a  X  f„,  equa- 
tion (37)  may  be  changed  into 

,      _D*        1   _-0156d»  ) 
''•-c"*      2<;~        c»       J' 
and  taking  the  head  due  to  contraction^ 
^     ■''  I  &c.,  into  account, 

,    _D%  _1_  _-0155d») 

in  feet  measures. 

If  this  value  for  A.  be  substituted  in  equations  (38) 
and  (39),  the .  resulting  equations  will  be  of  a  high 
order  and  do  not  admit  of  a  direct  solution ;  and  in 


velocity  in  the  orifice,  with  cmiircxtion  outside  at  the  veiia-contrtictay 
must  be  h.  —  ^,2    x   ^  '—^  instead  oi  K  — -^.j  x   ly"*      In    like- 

vl 
manner  A,  =    ,  v'o  ,  =  *04  vl  in  feet  measures  when  t;*  is  the  yelo- 

city  of  approach  and  Cd  ~  '617. 

*  The  formula  for  the  discharge  over  weirs,  taking  into  account  the 
velocity  of  approach,  d  =  2*95  c*- 1  VA  +  -llS  «i,  given  by  D*Au*^ 
buisson,  **  Traits  Hydraulique,"  seconde  ^tion,  pp.  78  et  95,  and 
adopted  by  some  English  writers  and  engineers,  is  incorrect  in  principle. 
In  feet  measures  it  becomes  d= 5*35  c^  I  h  x,  V  A  +  '03494  vl,  which 
/<7rm,— with  alterations  in  the  numerals  and  measures,  was  used  for 
calculating  discharges  of  sewers  during  the  Mstkopolxtan  Maix 
Dbajnags  discussion. 
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(S8)  and  (39),  as  they  stand,  A.  involves  implicit!}^ 
the  value  of  d,  which  is  what  is  sought  for.  Bj'^ 
finding  at  first  an  approximate  value  for  the  velocity 
of  approach,  the  height  h^,  due  to  it  can  easily  be 
found,  equation  (37) ;  this  height,  substituted  in  equa- 
tion (38)  or  (39),  will  give  a  closer  value  of  d,  fi-om 
wliich  again  a  more  coiTect  value  of  h^  can  be  deter- 
mined ;  and  by  repeating  the  operation  the  values  of 
i>  and  h^  can  be  had  to  any  degree  of  accuracy.  In 
general  the  values  found  at  the  second  operation  will 
be  sufficiently  con-ect  for  all  practical  purposes. 

It  has  been  already  obser\'ed  tliat,  for  or'ijices,  it  is. 
advisable  to  find  the  discharge  from  a  foi-mula  in 
which  only  one  head,  that  at  the  centre,  is  made 
use  of;  and  though  Table  IV.,  as  shall  be  shown,, 
enables  us  to  calculate  the  discharge  with  facility  from 
either  formula,  it  will  be  of  use  to  reduce  equation 
(88)  to  a  form  in  which  only  the  head  {h)  at  the  centre 
is  used.  The  error  in  so  doing  can  never  exceed  six 
per  cent.,  even  at  small  depths,  equation  (31),  and  this, 
is  more  than  balanced  by  the  observed  increase  in  the 
coefficients  for  smaller  heads. 

The  formida  for  the  discharge  from  an  orifice,  h^ 
being  tlie  head  at  the  centre,  is 

and  when  the  additional  head  A»,  due  to  tlie  velocity  of 
approach,  is  considered, 

»  =  ^d  \/2(^(A  +  //.)  X  A, 
which  may  be  changed  into 

(«.)*      D = Av/277.  X  ^4  ^  "^1'  Y' 

*  See  equation  (41  a),  Section  VII.  infra. 
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equation  (39),  for  notches,  may  be  also  changed  to  the 
form 

this  is  similar  in  eveiy  way  to  the  equation 

for  the  discharge  from  a  rectangular  orifice  whose 
depth  is   rf,   with   the   head   A^,  at   the   upper   edge. 

Table  III.  contains  the  values  of  !   1  +  ^  >  ^  in 

(.         h    ) 

equation  (41),  and  Table  FV,  the  values  of 
•(l+*»-)5-(y»yin  equation  (42),  or  the   similar 

expression  in  (43),     ^*  or-^  being  put  equal  ton;  and 
^b      d 

it  may  be  perceived  that  the  effect  of  the  velocity  of 

approach  is  such  as  to  increase  the  coefficient  from  c^ 

to  Cd  -!  1  +  -p  ?-  ^  for  orifices  simk  some  distance  be- 
low the  surface,  in  which  h  is  the  depth  of  the  centre  of 
the  orifice ;  and  into 

for  weirs  when  //» is  the  height  due  to  the  velocity  of 
approach,  and  h^  the  head  on  the  weir.  A  few  ex- 
amples, showing  the  application  of  the  formulae  (41), 
(42),  and  (43),  and  the  application  of  Tables  I.,  II., 
III.,  and  rV.  to  them,  will  be  of  use.  Suppose, 
for  the  present,  the  velocity  of  approach  t\  to  be 
^iven,  and  no  extra  head  required  to  maintAin  it 
tlirough      the     orifice  :     in     other     words,     when 
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\  =  - —  *Q^/.2  ~  '^"^^  ^»  ^  ^^^^  measures  nearly. 

Example  I.  A  rectangular  orifice,  12  inches  wide 
by  4  inches  deep,  has  its  centre  placed  4  feet  beloti; 
the  surface,  and  the  water  approaches  the  head  with 
a  velocity  of  28  inches  per  second ;  what  is  the  dis- 
charge ? 

For  an  orifice  of  the  given  proportions,  and  sunk 
to  a  depth  nearly  four  times  its  length,  find  from 
Table  I. 

^^^inL+iaT^.62ineaiay. 

As  the  coefficient  of  velocity,  equation  (2),  for  water 
flowing  in  a  channel  is  about  *956,  find  from  column 
No.  8,  Table  II.,  the  height  h^=li  =  1-125  inch 
nearly,  corresponding  to  the  velocity  28  inches.  Equa- 
tion (41), 

now  becomes 

D=12x4V2^t  X-621  I  1  +-^^  |f 
Also  find  V2gh  =192'6 inches,  when  ft=48  inches, 
in  Table  II. ;  therefore 

D=12x4x  192-6 x-621 1  1+1^  I* 

=9244-8  X  -621  {1  +  -0234} J  =  9244-8  X  -621  x  1-0116^ 
(as  {1-0234}^=  1-0116  from  Table  III.)=9244-8  x  -628 
nearly  =  5805*7  cubic  inches  =  3-86  cubic  feet  per 
second.  Or  thus :  The  value  of  -621  X  (1-0234) 
heing  found  equal  '628,  d=ax-628\/ 2^x48.  Now 
for  the  coefficient  '628,  and  h=i6  inches,  Table  II. 
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^ives  US  '628  V2  (^  x48  =  120*96  inches;  hence  d  = 
12  x4x  120-96  =  6806-08  cubic  inches  =  3-36  cubic 
feet,  the  same  as  before,  the  difference  of  '38  in  the 
•cubic  inches  being  of  no  practical  value. 

If  /?a  be  found  from  the  formula  h^=  —•  . ,  then  is 

J\—^'&  inches,  and  the  discharge  becomes  d=3'40 
•cubic  feet  nearlj'. 

If  the  centre  of  the  orifice  were  within  1  foot  of  the 
surface,  the  effect  of  the  velocity  of  approach  would  be 
much  greater ;  for  then 

<d  X  I  1  +'^»  }  ^  =  (from  Table  I.)  -623 

1  +^  \^  =  (from  Table  III.)  -628  x  1*047= 

^652  instead  of  '628.  In  this  case  the  discharge  is  d  = 
12x4x  -652  s/'lg  x  12^=12  x  4  x  •652x96-8  (from 
Table  II.)  =  12  x  4  x  62-8  =  8014-4  cubic  inches  — 
1*744  cubic  feet  per  second.  Or  find  the  value  of  "652 
y/^g  h  directly  from  Table  II.  thus  : 
The  value  of  '628  V2g  x~12  =  60*48  -628 
The  value  of  -666  y/ 2  g  x  12  =  64*14    -652 

^38  ':  "aP66  :  rU  :  2-81. 

Hence  -652  "^/Wgh  -  60*48  +  2*81  =  62*79,  and  tlie 
discharge  =  12  x  4  x  62*79  X  8013-92  cubic  inches  = 
1-744  cubic  feet  per  second,  the  same  as  before. 


{ 


«.2 


If  \  be  taken  equal  to  ^  *.  =  2*6  inches,  then  the 

resulting  value  of  d  =  1*883  cubic  feet  nearly. 

Example  II.     A  rectangular  notch,  7  feet  long,  has 
a  head  of  8  inches  meamred  at  about  4  feet  above  the 
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crestf  and  the  water  approaches  the  over-faU  with  a 
velocity  of  16 J  inches  per  second;  what  is  the  dis- 
charge ? 

For  a  still  head  assume  c^  =■  *628  in  this  case,  and 
then  from  equation  (42) 

.  =  l.VlJI.x.((l+|.).-(yj. 

As  in  the  last  example,  find  from  Table  II.  (ft.)  the 
height  due  to  the  velocity  of  approach  (16J  inches)  to 

be  J  =  3*875  inch,  assuming  the  coefficient  of  velocity 

to  be  -956.     Therefore,  h^  =  'SIS,  hy,  =  8,  Cd  =  '628, 

and  A  =  7  X  12  X  8  ;    or  for  measures  in  feet  r-* 

=  •047,  /tb  =  T>  and  A  =  7  X  -r ;  hence 

D=lx7x  I  /  2  (7  X  i  X  -6281  (1-047)^-  ('047)'}  . 

The  value  of   (1-047)^  -  ('047)*  will  be  found  from 

Table  IV.  equal  to  1*0612;  the  value  of  V  2  ^  x- 

will  be  found  from  Table  II.  equal  to  6*562,  viz.  by 
dividing  the  velocity  78*680,  to  be  found  opposite  8 
inches,  by  12 ;  hence 


D  =T 


X  7  X  I  X  6-662  X  -628  x  1*0612 


X  7  X  4*868  X  -628  x  1*0612 

X  7  X  4*868  X  -666  nearly. 

y  X  7  X  2-909  =  7  X  1-989 
=  18*678  cubic  feet  per  pecond  =  814*88  cubic  feet 

d  by  Google 
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per  minute.  Or  thus :  From  Table  VI.,  when  tli^ 
coefficient  is  '628,  the  discharge  from  a  weir  1  foot 
long,  with  a  head  of  8  inches,  is  found  to  be  109'731 
cubic  feet  per  minute.     The  discharge  for  a  weir  7  feet 

long,  when  ^  =  -047  is   therefore    109-731  X  7  X 
h 

1'0612  =  815'12  cubic  feet  per  minute.    The  difference 

between  this  value  and  that  before  foimd,  814*38  cubic 

feet  is  immaterial,  and  has  arisen  from  not  continuing 

all  the  products  to  a  sufficient  number  of  places  of 

decimals. 

^K  =  ,r— ^  =  '87  inch,  then  d  =  14*5  cubic  feet 
2flfCd 

per  second,  or  870  cubic  feet  per  minute  nearly. 

In  equations  (36)  and  (37),  the  relations  between  tlie 

channel,  orifice,  velocity  of  approach,  and  velocity  in 

the  orifice,  are  pointed  out,  viz., 


v^  =  ^X  ro,  and  *.  =  ^J  X  f^-=  ^ 


2g      2g<^/ 
m  which  A.  =  ^r— 

(neglecting,  for  the  present,  the  coefficient  of  velocity 
in  passing  through  the  orifice).     As  v©  is  the  actual 

velocity  in  the  orifice,  ^  must  be  the  theoretical  velocity 

due  to  the  head  h  +  h^^  and  therefore 

h^K=    .  \    ,andfc=  ,   "^^  ■-^; 

hence 

vl  X  d 
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(44.) 

h 

cIa^ 

cl 

"c* 

■~m» 

4 

97 


substituting  this  value  in  equations  (41)  and  (42),  there 
results 


(^  -ly 

in  which  m  =  — ,  for  the  discharge  from  an  orifice  at 
some  depth ;  and  for  the  discharge  from  a  weir, 
(46.)    x,  =  iV27Arxca{(l  +  ^,)-^- 

The  last  two  equations  give  the  discharge  when  the 
ratio  of  the  channel  to  the  orifice  -  =  m  is  known,  when 

An  =  —1,  and  when  at  the  same  time  the  whole  quantity 
2g 

of  water  passing  through  the  orifice,  that  due  to  the 

velocity  of  approach  as  well  as  that  due  to  the  prea- 

mirey  i$  supposed  to  suffer  a  contraction  whose  coefficient 

is  c^. 

When  h^  =- — * — o->  that  is  when  the  velocity  of 
2  (7  X  cS' 
approach,  f?»,  passes  through  the  orifice  without  con- 
traction, we  shall  get 

H 
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consequently,  in  this  case,  equation  (45)  becomes 
<45a.)  D  =  A  V^Tfe   X  <?d  X    I  1  +  _2-L_  p  = 

.and  equation  (46)  in  like  manner  changes  into 

The  last  multipliers  of  these  two  equations, 

the  same  as  the  like  multipliers  in  (45)  and  (46),  when 
Cd,  within  the  brackets  =  1 ;  consequently  their  values 
are  at  once  found  from  the  coeflBcient  imity,  1,  in  the 
last  page  of  Table  V.,  for  the  respective  values  of 

m  =  -:  and  also  for  those  of  ii  =  —5 .     "When 

a'  hy,      m^  -  1 

c^  =  1,  equations  (45)  and  (45a)  may  be  changed  into 

the  particular  case 

2  /7  /t      U 


D  =  A 


MS'  =-'{J-^}* 


which  is  the  equation  of  Daniel  Bernoulli. 
When  A  =  c,  or  the  orifice  is  equal  to  the  channel, 

then  — « — -  becomes  infinite,  and  hence  h  must  be  zero, 
m^—  1 

Indeed,  this  assumption  cannot  be  made  consistently, 

for  any  given  depth  of  water ;  and  the  ratio  m  can  never 

become  so  small  as  unity.    A  full  discussion  of  the 
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theoretical  question  would  be  out  of  place  here.  It  is 
only  necessary  to  observe,  that  the  two  last  columns  in 
Table  V.  give  the  multipliers  of  c   in  equations  (45a) 

and  (46a)  to  find  the  coefficients  suited  to  -  =  m,  which 

in  practice  should  seldom  or  never  be  less  than  2. 

Ifn  =  — ^^,  thevaluesof  j  1  4-  -^ — -\^' 

tively,  can  be  easily  had  from  Tables  III,  and  TV. 
Table  V.  has,  however,  been  calculated  for  different 
ratios  of  the  channel  to  the  orifice,  and  for  different 
values  of  the  coefficient  of  discharge.  This  table  gives 
at  once  the  values  of 

a*  new  coefficients,  and  the  corresponding  value  of 

h  Ab      m*  —  4 

in  equations  (44)  and  (46). 

It  is  equally  applicable,  therefore,  to  equations  (41) 
and  (42)  as  to  equations  (45)  and  (46).     For  instance, 

here  at  once  is  foimd  the  value  of  '628  X  {  (1-047)2  — 
(•047)^}  in  Example  II.,  p.  95,  equal  to  '666,  as  p  = 

•047,  and  the  next  value  to  it  for  the  coefficient  '628, 
in  the  table,  is  '046,  opposite  to  which  is  found  '666, 
the  new  coefficient  sought.  The  sectional  area  of 
the  channel  in  this  case,  as  appears  from  the  first 

H  2 
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column,  must  be  about  three  times  that  of  the  weir  or 
notch. 

When   'il  =      /    ^    =    V^'     ^^^    ^   Ex- 

AMPLE  II.  ^  =  -11  and  /^IH-  *•^^  -  /"^Y  =  1*188, 

Table  IV.  (or  Table  V.  for  the  coefficient  1).  Hence 
in  this  case  '628  X  I'lSS  =  '712  the  new  coefficient 
suited  to  the  velocity  of  approach.     Here  of  course  h^^  = 

2j~^  (see  Note,  p.  89). 

Table  V.  is  calculated  from  coefficients  c^  in  still 
water,  which  vary  from  '550  to  1.  Those  from  '606 
to  '650,  and  the  mean  value  '628  are  most  suited  for 
application  in  practice.  When  the  channel  is  equal 
to  the  orifice,  the  supply  should  equal  the  discharge, 
and  for  open  channels,  with  the  mean  coefficient 
•628,  we  find,  accordiugly,  from  the  table,  the  new 
coefficient  1*002  for  weirs ;  or  1  very  nearly  as  it 
should   be.      It  is  also   foimd   in   the    same    case, 

viz.,  when  a  =  c,  and 
c^  =  '628,  that  for  short 
tubes,  Fig.  13,  the  residting 
new  coefficient  becomes  "807. 
This,  as  will  afterwards  be 
seen,  agrees  very  closely 
with  the  experimental  results.  When  the  coefficients 
in  still  water  are  less  than  '628,  or  more  correctly 
*62725,  the  orifice,  according  to  this  formula,  cannot 
equal  the  channel  unless  other  resistances  take  place, 
such  as  from  friction  in  tubes  longer  than  one  and-  a 
half  or  two  diameters,  or  in  wide-crested  weirs.    For 
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greater  coefficients  the  junction  of  the  short  tube  with 
the  vessel  must  be  rounded, 
Fig.  14,  on  one  or  more 
sides;  and  in  weirs  or 
notches  the  approaches 
must  slope  from  the  crest 
and  ends  to  the  bottom  and 
sides,  and  the  overfall  be 
sudden.  The  converging  form  of  the  approaches  must, 
however,  increase  the  velocity  of  approach ;  and  there- 
fore t^i^  is  greater  than  -  X  f?o  when  c  is  measured  be- 
tween r  o  and  r  o.  Fig.  14,  to  find  the  discharge,  or 
new  coefficient  of  an  orifice  placed  at  r  o. 

As  the  coefficients  in  Table  V.  ai'e  best  suited  for 
orifices  at  the  end  of  short  cylindrical  or  prismatic 
tubes  at  right  angles  to  the  sides  or  bottom  of  a  cistern, 
a  correction  is  required  when  the  junction  is  rounded 
off  as  at  R  o  r  o.  Fig.  14.  When  the  channel  is  equal 
to  the  orifice,  the  new  coefficient  in  equation  (45) 
becomes 

The  velocity  in  the  short  tube  Fig.  14  is  to  that  in 
the  short  tube  Fig.  18  as  1  to  Cd  \  rZT^  f  ^  nearly/or 

for  the  mean  value  c^  =  "628,  as  1  to  '807.     Now,  as 

o  ^  v 

—  is  assumed  equal  to  —    in  the  cylindrical  or  pris- 

matic  tube,  Fig.  13,  — - —   =  -^  in  the  tube  Fig.  14 

A  Vf^ 

V 

with  the  rounded  junction,  for  v^  becomes  .^^ ;  hence. 
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in  order  to  find  the  discharge  from  orifices  at  the  end 
of  the  short  tube,  Fig.  14,  it  is  only  necessary  to  mul- 
tiply the  numbers  representing  the  ratio  -  in  the  first 
column.  Table  V.,  by  '807,  or  more  generally  by  q 

-j  .,  _  a  \  f  Wid  find  the  coefficient  opposite  to  the 
product.  Thus  if  c^  =  '628,  then,  when  -  =  1,  q  x 
j  j-^3 1  ^  =  -807  in  the  table.      If,  again,  ^    =    8, 

then  8  x  '807,  =  2-421,  the  value  of  -  -  for  the  tube 

Fig.  14,  and  opposite  this  value  of  -,  taken  in  column 
1,  there  is  found  '651  for  the  new  coefficient.  For  the 
cylindrical  or  prismatic  tube.  Fig.  18,  the  new  coeffi- 
cient would  be  only  '642.    When  the  head  h,^  is  how- 

ever  equal  to    «"-*  3  the  results    must    be    modified 

accordingly  (see  Note,  p.  89).*  When  h  is  measured 
from  stiU  water  in  a  cistern.  Figs.  18  and  14,  and  t?» 
the  velocity  of  approach  at  c,  in  a  short  tube,  inserted 
at  the  sides,  or  bottom,  then  we  must  take  h  —  \  for 
the  head,  h. 

*  Professor  Rankine  gives  the  valae  of  the  ooefficient  of  dischaige, 
or  contraction,  for  varying  values  of  A  and  c  at  a  diaphragm  in  a  pipe 
by  the  empirical  formula 

'618 

When  -■  =  0,  Cd  =  "618 ;  and  when  -  =  1,  c^  =  1 ;  as  it  should  be 

very  nearly  for  an  orifice  in  a  thin  i^ate,  to  which  only,  and  to  an 
orifice  a  at  the  end  of  a  short  tube.  Fig.  14,  the  formula  is  suited  (see 
fiETTION  XI, 
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DIFFERENT  EFFECTS  OF  CENTRAL  AND  MEAN  VELOCITIES 
IN  A  SHORT  TUBE   AND   CHANNEL. 

There  is,  however,  another  element  to  be  taken  into 
consideration,  and  which  it  is  necessary  to  refer  to 
more  particularly  hereafter.  It  is  this,  that  the  central 
velocity,  directly  facing  the  orifice,  is  also  the  maximum 
velocity  in  a  short  tube,  and  not  the  mean  velocity. 
The  ratio  of  these  velocities  is  1 :  "835  nearly ;  hence, 

in  the  example,  p.  102,  where  -  =  8,  we  get  8  x  'BBS 

=  2*505  for  the  value  of  -  in  column  1,  Table  V., 

opposite  to  which  is  found  '649,  the  coefficient  for  an 
orifice  of  one-third  of  the  section  of  the  tube  when 
cylindrical  or  prismatic.  Fig.  13 ;  and  8  x  -835  x 
•807  =  2*02  nearly,  opposite  to  which  we  shall  get 
"661  for  the  coefficient  when  the  orifice  is  at  the  end 
of  the  short  tube.  Fig.  14,  with  a  rounded  junction. 

Therefore,  -    x    -835  equal  to   the  new  value  of  - 

for  finding  the  discharge  £:om  orifices  at  the  end 

of   cylindrical  or    prismatic  tubes,   and  -    x    '835 

X    "807  =  i    X    '67  nearly  for  the  new  value  of 

-  when  finding  the  discharge  from  orifices  at  the 

end  of  a  short  tube  with  a  rounded  junction. 

The  ratio  of  the  mean  velocity  in  a  tube  to  that 
facing  the  orifice  cannot  be  less  than  *835  to  1,  and 
varies  up  to  1  to  1 ;  the  first  ratio  obtaining  when 
the  orifice  is  pretty  small  compared  with  the  section  of 
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the  tube,  and  the  other  when  they  are  equal.     If  the 
curve  D  c,  whose  abscissae  (a  b)  represent  the  ratio  of 

the   orifice    to   the 


section  of  the  tube, 
and  whose  ordi- 
nates  (b  c)  repre- 
sent the  ratio  of  the 
mean  velocity  in 
the  tube  to  that 
facing  the  orifice,  be 


c 

j^ 

f^^S^^        n     1 

. 

L 

^ 

t>                    E 

supposed  to  be  a  parabola,  then  the  following  values 
are  found : — 


Batiooftheorifloe 

to  the  dumnel,  or 

TAhiesof 

0   *  AB 

Values  of 
de 

Ratio  of  the  mean 
▼eloci^  of  approach 
in  a  tube  or  channel 
to  that  directly  op. 

poeite  the  orifice, 
or  valuee  of  6  c. 

•0 

•166 

•835 

•1 

•168 

•837 

•2 

•168 

•842 

•s 

•160 

•850 

•4 

•189 

•861 

•6 

•124 

•876 

•« 

•106 

•894 

•7 

•084 

•916 

•8 

•069 

•941 

•9 

•081 

•969 

10 

•000 

1-000 

These  values  of  6  c  are  to  be  multiplied  by  the  cor- 
responding ratio  -  in  order  to  find  a  new  value, 

opposite  to  which  will  be  found,  in  the  table,  the 
coefficient  for  orifices  at  the  ends  of  short  prismatic 
or  cylindrical  tubes ;  and  this  Hew  value  again  mul- 
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tiplied  by  '807,  or  more  generally  by  c^  \ o  [*,  will 

give  another  new  value  of  -,  opposite  to  which,  in  the 

table,  will  be  found  the  coefficient  for  orifices  at  the 
ends  of  short  tubes  with  rounded  junction. 

Example  III. — 
Wliat  shall  he  the 
discliarge  from  an 
orifice  a,  Fig.  16, 
2  feet  long  by  Ifoot 
deep,  when  the  value 


of  -  is  3,  and  the 
depth  of  the  centre 
of  a1  foot  6  inches 
below  the  surface  ? 

The  theoretical  discharge  is  d  =  2   x  1  x 

(Table  II.)  =  2  x  9*829  =  19-668  cubic  feet  per 
second.  From  the  table  on  last  page  the  coefficient 
for  the  mean  velocity,  facing  the  orifice,  is  about  '86  ; 
hence  ^  x  '86  =  8  x  "86  =  2*58.     If  the  coefficient 

be  taken  from  Table  I.,  it  is  found  (opposite  to  2, 
the  ratio  of  the  length  of  the  orifice  to  its  deptli) 
to  be  "617 ;  and,  for  this  coefficient,  opposite  to  2*58, 
in  Table  V.,  or  the  next  number  to  it,  the  required 
coefficient  "686  is  found ;  hence  the  discharge  is  "686 
X  19-658  =  12-502  cubic  feet  per  second.  If  the 
coefficient  in  stiU  water  be  taken  at  '628,  then  we  shall 
obtain  the  new  coefficient  -647,  and  the  discharge 
*  See  pp.  97  and  98,  with  reference  to  the  modifications  of  equations 
(45}  and  (46)  into  (45a)  and  (46a)  suited  to  ^  ==  ^i-: 


13 
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would  be  -647  x  19-658  =  12-719  cubic  feet.  If  the 
junction  of  the  tube  with  the  cistern  be  rounded,  as 
shown  by  the  dotted  lines,  then  multiply  2*58  by  "807, 

which  gives    2'08  for  the  new  value  of  -,  opposite 

which,  in  Table  V.,  when  the  first  coeflBcient  is  '628, 
the  new  coefficient  '659  is  found;  and  the  discharge  in 
this  case  would  be  '659  x  19*658  =  12-955  cubic  feet 
per  second. 

It  is  not  necessary 
to  take  out  the  coeffi- 
cient of  mean  velocity 
facing  the  orifice  to 
H  more  than  two  places 
of  decimals.  For 
gauge  notches  in  thin 
plates  placed  in 
streams  and  millraces,  Fig.  17,  tlie  mean  coefficient 
•628,  for  still  water,  may  be  assumed  ;  thence  the  new 

coefficient  suited  to  the  ratio  -  may  be  found,  as  in 


the  first  portion  of  Example  III. 

When  h^  is  taken  equal  to  ^   *  o  then  from  Table V. 

with  a  coefficient  of  1,  and  2'58  for  the  ratio  of  the 

channel  to  the  orifice,  the  value  of  •}   1  +  — = \ 

I  m*  —  1  J 

in  equation  (45a)  is  1*085.      Hence  the  discharge  is 

19*658  X  -617   X   1*085  =  19*658  x  -6694  =  18*16 

cubic  feet  per  minute  in  this  case. 

Example  IV.  What  shaU  be  the  discharge  through 

the  aperture  a,  equal  2  feet  by  Ifoot,  when  the  channel 

is  to  the  orifice  as  8*375  to  1,  and  the  depth  of , the 
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centre  is  1*25  foot  below  the  surface,  taken  at  about  8 
feet  above  the  orifice  ? 

Here  the  coefficient  of  the  approaching  velocity  is 

•86  nearly,  whence  the  new  value  of  -  is  8*875  x  '86 

=  2-87 ;  and  as  Cd  =  '628,  from  Table  V.  the  new 
coefficient  is  "644.     Hence 

D=2xlx'!!^x-644  (Table  n.)=  2  x  8-972  x  -644 

=  17"944  X  -644  =  11*556  cubic  feet  per  second. 
Weisbach  finds  the  discharge,  by  an  empirical  formula, 
to  be  11*81  cubic  feet.  If  the  coefficient  be  sought  in 
Table  I.,  it  is  "617  nearly,  from  which,  in  Table  V., 
the  new  coefficient  is  found  to  be  '632 :  hence  17*944 
X  '682  =  11*841  cubic  feet  per  second.  If  the  co- 
efficient '6225  were  used,  the  new  coefficient  equals 
*688,  and  the  discharge  11*468  cubic  feet.  Or  thus  : 
The  ratio  of  the  head  at  the  upper  edge  to  the  depth 

of  the  orifice  is  -  =  '75,  and  from  Table  IV.  we  find 

12 

(1-75)S  —  (-75)*  =  1-6655.  Assuming  the  coefficient 
to  be  '644,  find  from  Table  VI.  the  discharge  per 
minute  over  a  weir  12  inches  deep  and  1  foot  long 

906'660+ 905119 

which  is jj =  206*884  cubic  feet  nearly ;  and 

as  the  length  of  the  orifice  is  2  feet,  then  ^^^'^''^'^ 

=  11*482  cubic  feet  per  second,  which  is  the  correct 
theoretical  discharge  for  the  coefficient  *644,  and  less 
than  the  approximate  result,  11*556  cubic  feet  above 
found,  by  only  a  very  small  difference.  The  velocity 
of  approach  in  this  example  must  be  derived  from  the 
surfeu^e  inclination  of  the  stream. 

When  A.  =  r.   ^  .,>  then  with  a  coefficient  1  and  2*87 

Digitized  by  VjOOQ  IC 


108 


THE  DISCHARGE  OF  WATER  FROM 


for  the  value  of  -  the  last  page  of  Table  V,  gives  1*067, 
by  interpolation,  for  the  value  of  -j  1  H rZTi  f  " 

in  equation  (46a)  see  pp.  112  and  113.  Hence  the 
discharge  is  17*944  x  -628  x  1*067  =  17*944  x 
•670  =  12*02  cubic  feet  per  second. 

For  notches,  or  Poncelet  weers,  the  approaching 
velocity  is  a  maximum  at  or  near  the  surface.  If  the 
central  velocity  at  the  surface  facing  the  notch  be  1, 
the  mean  velocity  from  side  to  side  will  be  '914. 
Assume  therefore  the  variation  of  the  central  to  the 
mean  velocity  to  be  from  1  to  *914 ;  and  hence  the 
ratio  of  the  mean  velocity  at  the  surface  of  the  channel 
to  that  facing  the  notch  or  weir  cannot  be  less  than 
"914  to  1,  and  varies  up  to  1  to  1;  the  first  ratio 
obtaining  when  the  notch  or  weir  occupies  a  verj- 
small  portion  of  the  side  or  width  of  the  channel,  and 
the  other  when  the  weir  extends  for  the  whole  width. 
Following  the  same  mode  of  calculation  as  at  p.  104, 
Fig.  15,  the  following  results  will  be  obtained  : — 


Ratio  of  the  width 
of  the  notch  to 

Values  of 

dt. 
Pig.  16. 

Values  of 

he, 
Fig.  16. 

the  width  of 
the  channel. 

•0 

•086 

•914 

•1 

•086 

•915 

•2 

•083 

•917 

•8 

•078 

•922 

•4 

•072 

•928 

•5 

•064 

•936 

•6 

•066 

•946 

•7 

•044 

•966 

•8 

•031 

•969 

•9 

•016 

•984 

10 

•000 

1^000 
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These  values  of  6  c  are  to  be  used  as  before,  in 

order  to  find  the  value  of  -,  opposite  to  which  in  the 

tables,  and  under  the  heading  for  weirs,  will  be  found 
the  new  coefficient. 

Example  V.  The  length  of  a  weir  is  10  feet ;  the 
icidth  of  the  approaching  channel  is  2Qfeet:  the  head, 
measured  about  6  feet  above  the  weir,  is  9  inches; 
and  the  depth  of  the  channel  8  feet:  what  is  the 
discharge  ? 

Assuming  the  circumstances  of  the  overfall  to  be 
such  that  the  coefficient  of  discharge  for  heads, 
measured  from  still  water  in  a  deep  weir  basin  or 
reservoir,  is  "617,  then  from  Table  VI.  the  discharge 
is  128-642  X  10  =  1286-42  cubic  feet  per  minute ;  but 
from  the  smallness  of  the  channel  the  water  approaches 

O  90x    3 

the  weir  with  some  velocity,  and  -  =  tt—i  =  8.   Also 

A  iw^    4 

the  width  of  the  channel  is  equal  to  twice  the  width  of 
the  weir,  and  hence  (small  table,  p.  108,)  8  x  -936 

=  7-488  for  the  new  value  of  -•  From  Table  V.  is 
now  found  the  new  coefficient — ;: —  =  "623,  and  hence 

138642x'823 

the  discharge  is  — ^^ —    =   1298*98    cubic  feet  per 

minute.  Or  thus:  As  the  theoretical  discharge, 
Table  VI.,  is  2084*96  cubic  feet,  then  2084*96  x 
•628  =  1298-93,  the  same  as  before.  In  this  example, 
however,  the  mean  velocity  approaching  the  overfall 
bears  to  the  mean  velocity  in  the  channel  a  greater 
ratio  than  1  :  -986,  as,  though  the  head  is  pretty  large 
in  proportion  to  the  depth  of  the  channel,  the  ratio  of 
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the  sections  -  =  i  is  small.     It  is  therefore  more 
o        ** 

correct  to  find  the  multiplier  from  the  small  table, 

p.  104.     By  doing  so  the  new  value  of  -  is  8  x  'SSS 

=  6*704.  From  this  and  the  coefficient  -617  we 
shall  find,  as  before  from  Table  V.,  the  new  coeffi- 
cient to  be  -627 ;  hence  2084-96  x  -627  =  1307-27 
cubic  feet  per  minute  for  the  discharge. 

The  foregoing  solution  takes  for  granted  that  the 
velocity  of  approach  is  subject  to  contraction  before 
arriving  at  the  overfall,  or  in  passing  through  it ;  now, 
as  this  reduces  the  mean  velocity  of  approach  from  1 
to  "784,  Table  V.,  when  the  coefficient  for  heads  in 
still  water  is  -617,  it  is  necessary  to  multiply  the  value 

of  J  =  6-704,  last  found,  by  -784,  and  then  6*704  x 

•784  =  5*26  is  the  value  -  due  to  this  correction,  from 
which  the  corresponding  coefficient  in  Table  V.  is 
found  to  be  "629,  and  hence  the  corrected  discharge  is 
2084-96  X  -629  =  1811*44  cubic  feet. 
By  using  equation  (46a)  in  the  preceding  example, 

the  value  of  (l  +  ^/"(^^^y  ^r  |  =  m  = 

7*488  is,  from  the  last  columns  of  Table  V.  for  a  co- 
efficient unity,  1*025.  Hence  the  discharge  is  2084*96 
X  -617  X  1*025  =  2085   x  *682  =  1318  cubic  feet 

per  minute  in  round  numbers.    If  -  were  taken  equal 

to  6*704,  then  equation  (46a)  would  become  2085  X 

•617  X  1-031  =  2085  x  -636  =  1326  cubic  feet  nearly. 

It  is  to  be  borne  in  mind  that  the  value  of  the  ratio 

-  in  Table  V.  is  simply  an  approximate  value  for  the 
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ratio  of  the  velocity  in  the  channel  facing  the  orifice  to 
tlie  velocity  in  the  orifice  itself  and  that  large  difference» 
of  value  do  not  always  affect  the  coefficient  of  discharge 
materially.  The  corrections  applied  in  the  foregoing 
examples  were  for  the  purpose  of  finding  this  ratio  of 

velocity  more  correctly  than  the  simple  expression  - 

gives  it.     The  ratio  of  Aa  to  /it  also  may  sometimes 

vary  very  considerably  without  materially  aflfecting  the 

value  of  Cd ;  for  instance,  if  q  =  '628  for  still  water, 

h  c 

the  change  of  -^  from  0  to  '046,  and  of  -  from  infinity 

to  8  causes  a  variation  of,  only,  from  '628  to  '642  for 
orifices,  and  to  '666  for  notches,  which,  practically,  does 
not  exceed  six  per  cent.     The  following  auxiliary  table 


AT7XILIABY  TABLE,  TO  BE  USED  WITH  TABLE  Y.  FOR  MOBB  NEARLY 
FINDING  THE  COEFFICIENT  OF  DISCHARGE  NEARLY  SUITED  TO 
EQUATIONS  (45a)  AND  (46a}. 


I  ^ 

I I 

1  * 

MultipUez*  for  finding  the  new  yalues  of  -  in  TM>le  V., 

when  the  water  approaches  and  paaBoa  through  the  orifice, 
without  oontFBotion  or  lose  of  yelooitiy. 

•s  •§ 

3     ■§ 

1^ 

3    o 

1     '^ 

Coeffi- 

Coeffi. 

Coeffi- 

Coeffi. 

Coeffi. 

Coeffi. 

Coeffi. 

cient 

dent 

cient 

dent 

dent 

dent 

dent 

S 

•639 

•628 

•617 

•606 

•595 

•584 

•673 

•0 

•885 

•69 

•67 

•65 

•64 

•62 

•60 

•58 

•1 

•887 

•70 

•68 

•66 

•64 

•62 

•60 

•59 

•2 

•842 

•70 

•68 

•66 

•64 

•62 

•61 

•59 

•8 

•850 

•71 

•69 

•67 

•65 

•63 

•61 

•59 

•4 

•861 

•72 

•69 

•68 

•66 

•64 

•62 

•60 

•6 

•876 

•73 

•71 

•69 

•67 

•65 

•63 

•61 

•6 

•894 

•74 

72 

•70 

•68 

•66 

•64 

•62 

•7 

•916 

•76 

•74 

•72 

•70 

•68 

•66 

•64 

•8 

•941 

•78 

•76 

•74 

•72 

•70 

•68 

•66 

•9 

•969 

•81 

•78 

•76 

•74 

•72 

•70 

•68 

10 

1-000 

•831 

•807 

•784 

•762 

•740 

•719 

•699 
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finds  the  correction,  and  thence  the  new  coefficient, 
-with  facility.  Thus,  if  the  channel  be  five  times  the 
size  of  the  orifice,  and  a  loss  in  the  approaching  velocity 
takes  place  equal  to  that  in  a  short  cylindrical  tube, 

then  5  X  '842  =  4*210  is  the  new  value  of  -,  opposite 
to  which,  in  Table  V.,  will  be  found  the  coefficient 
sought.  If  the  coefficient  for  still  water  be  '60,6,  it  is 
found  to  be  •612  for  orifices  and  '628  for  weirs.  But 
when  the  water  approaches  without  loss  of  velocity, 
firom  the  auxiliary  table,  '64  is  found  for  the  multiplier 

instead  of  '842,  and  consequently  the  new  value  of  - 
becomes  5  X  '64  =  8*2,  firom  which  '617  is  found  to 
be  the  new  coefficient  for  orifices  and  '636  for  weirs. 
The  auxiliary  table  is  calculated  by  multiplying  the 
numbers  in  the  second  column  (see  third  column,  table, 

p.  104)  by  the  value  of  c    X  ■< -j  V  ,  which  will  be 

found  firom  Table  V.,  for  the  different  values  of  c^  in 

the  table,  viz. 

•639,  -628,  -617,  '606,  -695,  '684,  and  '573, 
•831,  -807,  ^784,  ^762,  '740,  -719,  and  -699, 

to  be  respectively,  as  given  in  the  top  and  bottom  lines 

of  figures. 

When  —5—^^ — 5  in  equations  (45)  and  (46)  is  equal  to 
— ^ r  in  equations  (46a)  and  (46a),  then  must  c^  =  1, 


and  Cd  ]  1  H-  —^ — 3  f    in     equation    (45)    becomes 
<3qual  to   ■<  1  ■+-     g  _     \  equation    (45a) ;    and 
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^4  ('  -^  ^h  b4^.y  }inequation(46)also 
becomes  equal  to  {  (l  +  ^)^-  (,-;^y  }    in 

equation  (46a) ;  and  therefore  the  coefficient  found  from 
the  last  three  columns  of  Table  V.  for  c^  =  1  will  give 
the  multipUer  for  c^,  outside  the  brackets,  in  (45a)  and 
(46a),  to  find  the  new  coefficients.  Thus  in  the  last 
example  m  =  5,  and  hence  Table  V.  for  c^  =  1,  is 

^^'^-{^■^^,y=-^-^^^n^  {(i+^)' 

-  (-T^y  }  =  1055.    Hence  1-021  x  '606  =  -619 

nearly;  and  1'055  X  '606  =  •689  nearly,  the  new  co- 
efficients found  from  the  other  method  being  "617  and 
•636,  the  difference  by  both  methods  being  of  no  great 
practical  importance. 

It  is  necessary  to  observe,  that  in  equations  (46), 
(46),  (45a),  and  (46a),  the  head  due  to  the  velocity  of 
supply  or  approach,  h^,  must  be  extra  to  the  head,  h,  in 
the  formula  fmd  no  part  of  it :  and  that — as  is  indicated 
by  the  equations — m  can  never  be  so  small  as  unity,  for 

then  —5 — ^  would  be  infinite.     These  equations  are, 
m*  —  1 

therefore,  only  strictly  applicable  to  orifices  in  the 
short  tubes,  Fig.  15  and  Fig.  16,  when  the  head  h^  due 
to  the  velocity  of  approach  is  included  in  the  head  h 
measured  from  still  water  in  a  large  cistern. 

The  initial  value  of  the  coefficient  of  discharge,  c^  it- 
self, varies  considerably  with  the  position  and  form  of 
the  orifice ;  for  a  mean  value  of  "707  it  changes,  in 
equation  (45),  according  to  the  relation  of  c  and  a  into 

I 
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•707 


('  -  -^^i 


-art ;  and  for  a  value  of  "SIS  for  an  orifice. 


central  in  a  thin  plate,  Professor  Rankine's  empirical 
formula,  note  p.  102,  is  in  practice  applicable. 


PBACnCAL  FORMXTUB  FOB  THE  DISCHARGE   OVER  WEIRS. 

In  order  to  reduce  the  preceding  formulse  for  weirs 

and  notches  to  some  of  the  forms  in  common  use,  with 

definite  combined  numerical  coefficients,  by  substituting 

8*025  for  V  2  gr,  equation   (39),  becomes  for  feet 

2 
measures,  as  ^    x  8*025  =  5*85, 

(A.)    D.  =  5*85  Cd  I  {{h  +  hj  -  h^. 
For  inch  measures,  as  V  2  g  =  27*8,  the  discharge, 
taken  also  in  cubic  feet,  becomes 

(B.)    D   =  *01072  c^  I  {ih  -  K)^  -  h^\. 
When  the  length  I  is  taken  in  feet  and  the  depth  in 
inches,  it  is 

(C.)    D   =  -1287  Cd  I  {{h  -  hj  -  hih 
The  last  three  equations  being  for  seconds  of  time, 
when  the  time  is  taken  at  one  minute^  for  all  measiu^s 
in  feet  the  discharge  in  cubic  feet  is 

(D.)    D   =  821  Cd  I  {(h^  +  hj  -  aJ}. 
This  when  c^  is  taken  at  *614  becomes 
(Di.)    D.  =  197  I  {(*;  +  hj  -  h}}. 
For  a  coefficient  of  '617 

(Dj.)     D.  =  198  I  {{h^  +  Aa)^  -  K^ 
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Por  a  coefficient  of  '623 

(D3.)     D,  =  200Z((Ab  +  /O^~Aj}. 
For  a  coefficient  of  '628 

(D4.)     D.  =  201-6  I  {(//,  +  Aji  -  h^]. 
For  a  coefficient  of  '648 

(D5.)    D.  =  208  I  {{K  +  A.)^  -  /J). 
For  a  coefficient  of  '667 

(De.)     D.  =  214Z{(/i,  +  A,)*-AJ}. 
For  a  coefficient  of  '712 

(D7.)     Da  =  228'6q(/i^  +  /iJ^-/J}. 
And  for  a  coefficient  of  '810 

Pa.)    i>^  =  260Z{(A,  +  ftji-/J}. 
For  inch  measures  the  discharge  in  cubic  feet  is 

(E.)     D^  =  '6433  Cd  I  j  (ftb  +  /ia)^  -  74*}. 
And  for  lengths  (Z)  in  feet  and  depths  (ftb)  in  inches 
the  discharge  also  in  cubic  feet  becomes 

(F.)    D.  =  7-72  Ca  I  {K  +  hj  -  A^*}. 
The  latter  equation,  when  the  coefficient  of  discharge, 
<rd*  is  taken  at  '614  becomes 

D,  =  4-74  1{K+  Ju)^-  h}},  and 
C^i-)-  D  =  4'74  I  hi,  when  the  velocity  of  ap- 
,    proach  vanishes. 
For  a  coefficient  of  '617 

[d.  =  4-76  I  {iK  +  hS^  -  hi},  and 
(Fj.)"  D  =  4*76  {  h^  when  the  velocity  of  ap- 
,    proach  vanishes* 

12 

Digitized  by  VjOOQ  IC 


116  THE  DISCHARGE  OF  WATER  FROM 


fF3.) 


(F4.) 


(Fs.) 


For  a  coefficient  of  -623 

D   =  4-81  I  {{K  +  /O^  -  aJ},  and 

D  ==  4*81  I  hi  with  no  perceptible  approach. 

For  a  coefficient  of  '628 

D.  =:  4-85  I  {(K  4-  hj  -  aJ},  and 

D  =  4*85  I  hi  with  no  perceptible  approach. 

For  a  coefficient  of  *648 

|d.  =  5  I  {{h^  +  h^)i  -  h^^},  and 
D  =  D  Ih^  with  no  perceptible  approach. 

For  a  coefficient  of  f  or  -667 

(Fe)^'  "  ^'^^  ^  ^^'''  ■*■  ''-^^  ■"  '^•"^'  "^^ 

[d  =  5'14  I  h^  with  no  perceptible  approach. 

For  a  coefficient  of  -712 

(Fy.)!^*  =  ^'^  ^  {C^b  +  hJ  -  A.i},  and 

\t>  =  0-5  Z  h^  with  no  perceptible  approach* 
And  finally  for  a  coefficient  of  '81 

D.  =  6-3  I  {{h^  +  hJ  -  aJ},  and 

T>  =  6'S  I  hi  when  the  velocity  of  approach 

,    vanishes. 
The  theoretical  value  of  /i^  in  each  of  the  foregoing 
equations  is  in  teims  of  the  velocity  of  approach  t\ 


(F,.) 


in  which  2  g  must  be  taken  equal  to  64*403  for  heads, 
in  feet,  and  equal  to  772*84  for  heads  in  inches.  But 
it  is  evident  that  in  order  to  produce  the  velocity  per 
second  t^  passing  through  the  notch  with  a  nearly  still- 
water  basin  above  it,  that  h  must  be  increased  from  its. 
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theoretical  value  ^  ~  to  tto"  »  ^  which  expression  c^ 
^9       ^d  ^  9 

is  the  coefficient  of  discharge  due  to  the  particular 

notch,    or  weir,   and    its    attendant    circumstances; 

whence 

_     fj     _  Theoretical  head 


of2g'  cl 


Now,  unquestionably  the  most  general  coefficient  both 
for  notches  and  submerged  orifices,  in  thin  plates,  for 
gauging  whether  triangular,  rectangular,  or  circular, 
is  '617,  when  the  orifice  or  notch  is  small  compared 
with  the  approaching  channel;  whence  for  measures  in 
feet 

K  =  '0408  zi,  and  r^,  =  4*95  VTZ 
For  measures  in  inches, 

h^  =  -0034  t^,  and  v^  =  17*2  \/l^. 
And  for  measures  in  which  t\  is  expressed  in  feet  per 

second,  and  A^  in  inches  

K  =  *49  ti,  and  v^  =  1-43  V  h^ ; 
AV'hich  shows  that  lialf  the  square  of  the  approaching 
Telocity  in  feet  is  equal  to  the  head  h^  in  inches  ;  very 
nearly.  By  substituting  these  values  of  ft^,  found  in 
terms  of  the  approaching  velocity,  according  to  the 
standards  used  in  the  equations  from  (a)  to  (f)  inclu- 
sive, and  also  in  equation  (F2),  we  shall  be  enabled  to 
find  the  proper  discharge  fi-om  a  notch  in  a  thin  plate. 
The  values  of  h^,  as  given  above,  can  be  found  at  once 
in  inches  fi'om  the  obsei^ed  values  of  v^y  to  be  also 
taken  in  inches,  for  coeffipients  varying  from  '584  to 
•974,  by  means  of  Table  ll.  Thus,  with  a  coefficient 
of  '617,  we  shall  find,  for  an  approaching  velocity  of 
56  inches  per  second,  that  h^  becomes  4a  =  4*4  inches 
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nearly,  while  for  a  coefficient  of  '666,  it  is  only  8}  = 
8*8  inches ;  and  for  a  coefficient  of  1,  the  theoretical 
head  is  but  IJ  =  1*7  inch  nearly. 

For  the  very  nature  of  the  case  the  approaching 
velocity  must  continue  nearly  unimpaired  through  the 
notch  with  but  a  very  slight  reduction  arising  from  tlie 
viscidity  of  the  water  when  it  enters  the  aperture,  and 
separates  from  the  lateral  fluid.  But  in  order  to  give 
this  unimpau*ed  velocity  by  means  of  an  extra  head  h^^ 
it  is  evident  that  h^  must  be  increased  above  the 
theoretical  value  by  the  amount  due  to  the  coefficient 
of  discharge ;  or,  as  before  stated,  h^  must  be  increasea 

from  cr    to     Y%~*     This  value  of  //.  is,  perhaps^ 

something  too  large,  owing  to  the  reduction  of  r^  at. 
the  moment  it  enters  the  notch  and  is  acted  upon  by 
the  overfall,  drawing  it  away,  as  it  were,  from  the  lateral 
water  above  the  crest. 

The  numerical  results  of  the  respective  fonnidte  irorw 
(a)  to  (Fg),  inclusive,  can  be  obtained  by  modifying  tlic 
form  as  in  equation  (42)  into 

U  =  „x|(i.J-^-.-(L^i}«., 

in  which  d  is  the  discharge  found,  when  there  is  n(^ 
velocity  of  approach,  by  the  common  formD  =  5*85  x 

c^  I  A',  for  which  separate  values  are  given  in  equa- 
tions from  (fi)  to  (Fg)  inclusive ;  and  numerical  values. 

in  Table  VI.;  and  |  (^1  +  jff  -  (r)^  |  a  multipUer 
suited  to  the  velocity  of  approach,  the  values  of  which 
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can  be  found  from  Table  IV.  Suppose,  for  example, 
D  =  158'1  cubic  feet  per  minute,  h^  =  10  inches,  and 
A«  =  4  inches,  which  is  that  due  to  an  approaching 
velociiy  of  8  feet  per  second  with  a  coefficient  of  '648 ; 

then  the  multiplier  becomes  (1  +  '4)*  —  -4^  =  1-4086, 
Table  IV.  Hence  the  discharge  due  to  an  approaching 
velocity  of  8  feet  is  ISB'l  x  1-4035  =  221*9  cubic 
feet,  or  an  increase  of  about  40  per  cent.  Also,  if  the 
common  formula  were  used,  it  is  plain  that  the  coefficient 
•648  should  be  increased  to  -648  x  1-4036,  or  to  -909 
nearly,  which  approximates  within  10  per  cent,  of  the 
theoretical  value*      Nothing  can    show  more   clearly 

THE  NECESSITT  FOB  VARYING  THE  COEFFICIENTS  WHEN 
THE  OBDINABT  FOBHUL£   ARE  USED,  EVEN  FOR  A   NOTCH 

IN  A  THIN  PLATE :  for  Other  notches  the  coefficients, 
even  for  still  water  above  the  crest,  vary  considerably. 
The  form  of  the  equation  used  by  D'Aubuisson  and 
several  other  writers  is 

j>^  =  cl  Vhl  +  cvl  hi 
in  which  c  and  c  are  numerical  coefficients,  and  v^  the 
velocity  of  approach.  This  form  is  incorrect  in  prin- 
ciple, although  the  values  of  c  and  c  can  be  so  taken 
as  to  give  resulting  values  for  D|^  approximately  correct 
For  feet  measures,  and  time  in  seconds.  Professor 
Downing  makes,  after  B'Ajubuisson,  p.  87  of  his 
translation, 

D»  =  Cd  X  6-85  I  V  Ai  +  -08494  t^  hi. 
Doctor  Bobinson  *  gives  for  like  measures  and  time, 
values  varying  from 

*  Prooeedings  Royal  Irish  Academy,  vol.  !▼•  p.  212.    *1895  vl  is 
nine  times  the  theoietical  head,  and  too  much. 
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T>^  =  8-66  I  V  Ai,  +  -1895  vl  AJ,  to 
D^  =  8-2  I  V  Ag  +  -1395  vl  hi 
Mr.  Taylor  finds  (for  the  Government  Keferees,  see 
Report  on  the  Main  Drainage  of  the  Metropolis,  13th 
July,  1858,  p.  82)  the  discharge  in  cubic  feet,  per 
minute,  when  the  depth  is  taken  in  inches,  and  the 
length  in  feet  to  be, 

D»  =  5-5  I  \/  hl  +  -BtiAj; 
and  the  Messrs.  Hawksley,  Bidder,   and  Bazalgette 
assume,  (p.  88  ibidy)  for  like  measures, 

D»  =  6  i  s/hl+  -1875  ti  AS, 
which  they  consider  is  in  '*  excess.**    The  following 
table,  copied  and  extended  from  the  report  just  re- 
ferred to,  shows  the  results  of  the  last  two  formulae, 
and  of  our  equations  (fj)  and  (fj),  in  which  the  depth. 


Formuljf). 

Mean  velocities  approaching  the  notch  in  feet 

per  second,  and  discharges  In  ouhio  foet 

per  minute. 

0 

•6 

1 

1-6 

2 

2-6 

S 

1681 
1581 

1681 

173-9 

178-0 
173-9 

168-6 
189-2 

100 

1761 

17« 
1767 

169-6 
1621 

1«7 

178-8 

182 
180-8 

161-4 
166-8 

177 

188-6 

192 
188-9 

164 
178 

190 

190-1 

204 
199-8 

167 
180 

206 

198-8 

218 
213 

171 
189 

223 

207-6 

284 
228 

D4  =  6V*l+1875»»*t    .    . 

Bqiutlon  (l)  when  the  heid,^ 
km ,  due  to  the  velocity  of  ap-  f 
pnmch  is  taken  at  only  itBi* 
theoretical  value  .              ,  ) 

Equation  (r.)  when  the  head,  ^ 
4« ,  due  to  the  velocity  of  ap-  f 
proach  is  increased  for  the  co-  f 
efficient  of  velocity -648  .    .   J 

Equation  (f, )  when  the  head,^ 
A« ,  due  to  the  velocity  of  ap- 1 
proach  is  taken  at  only  itsf 
theoretioal  value  .       .       .J 

Equation  (Fr)when  the  head^ 
due  to  the  velocity  of  approach  1 
iM  increased  for  the  ooeffldent  f 
of  velocity -712 .       .       .    .  J 

D.=5-5V^l+-8«':*l  •       . 
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7<i„  must  be  taken  equal  to  10  inches,  and  the  length, 
/,  equal  to  1  foot. 

In  equations  (l)  and  (n)  we  can  get,  Table  II.,  the 
values  of  the  head,  h^,  due  to  velocity  of  approach  r», 
as  follows : 

r,  =  %      'I,      1*5,       %      2*5,     8*0  ;  in  feet  per  second. 
K  =   "047,  -186,     *419,  -745,  1'16,  1 -68  ;  theoretical  head  in  inches. 
Then 

K  =«  -111,  -447,     -997,  1*77,  2*76,  4';  for  a  coefficient  of  '648, 
and 

K  «  -093,  -366,     -833,  1*47,  2*29,  8-31;  for  a  coefficient  of  712. 
AVhence  as  %b  =  10  inches,  we  shall  have  in  equation 
(42), 

r^  =  -Oil,  -045,     -1,        -18,     -28,       -4 ;  for  a  coefficient  of  648, 

and 

'•-  »  -009,  -037,     -083,     -15,       '23,     '33  ;  for  a  coefficient  of  712  ; 
/lb 

and  hence,  by  means  of  Table  IV.  f  1  +  r*)  ""  ( jT^/ 

becomes  of  the  following  respective  values  suited  to 
the  above  velocities, 

1-015,  1-059,  1-122,  1-205,  1-3,  1 -403  ;  for  a  coefficient  of '648, 
and 

1-018,  1-049,  1-104,  1-175,  1-254,  1 '344  ;  for  a  coefficient  of -712. 
These  latter  values  multiplied,  in  order,  by  the  initial 
values  of  the  dischai'ges,  158'1  and  173*9,  in  the  above 
table,  give  the  discharges  in  the  third  and  fifth  lines 
corresponding;  due  to  the  respective  velocities  oi 
approach. 

The  accordance  between  the  results  in  the  last  two 
lines  of  the  table  is  remarkable.  Table  V.  shows 
that  if  the  coefficient  be  '667  when  the  water  above  the 
crest  is  still,  it  will  be  increased  to  '712  when  the  ap- 
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proaching  channel  is  about  1*83  times  the  section  of 
the  water  in  the  notch,  and  this  only  when  ^  is  taken 

as  in  equation  (44).  If  the  arrises  of  the  two-inch 
thick  waste  board  be  rounded,  the  coefficient  must 
also  be  considerable,  although  uncertain ;  but  as  the 
equation  d^  =  5*5  V  AJ  +  'B  i  J  h\  appears  to  have  been 
framed  by  Mr.  Taylor,  to  express  special  experiments, 
made  for  Mr.  Simpson,  in  which  the  quantities  varied 
from  5  to  152  cubic  feet  per  minute,  and  for  heads  on 
a  four-foot  weir  varj'ing  from  1  inch  to  8  inches,* 
it  must  be  concluded  that  the  coefficient  for  head& 
measured  from  still  water  above  the  crest  in  those 
experiments  suited  to  the  foim  of  the  weii*  used,  and 
to  its  attendant  circumstances,  is  '712. 

Equations  (89)  and  those  from  (a)  to  (Pg)  may  be 
easily  changed  into  forms  in  which  only  the  depth  hy^^ 
the  velocity  of  approach,  and  the  coefficient  of  velocity 
(in  this  case  equal  to  that  of  discharge)  c^^  are  intro- 
duced. It  is,  however,  only  necessary  here  to  reduce 
the  general  form  (a)  p.  114,  for  feet  measmres^  which 

becomes,  after  substituting  for  h^  its  value  4  *o  > 
and  making  somp  reductions, 

^D,=  "^-^^-Z  {(64-4  4  K  +  05-  vl] ; 
and  for  time  in  minutes  the  discharge  is 


(V- 


*  Vide  p.  22,  liOtter  dated  16th  Angnst,  1858,  from  the  Govern- 
raent  Referees  to  the  Right  Hon.  Lord  John  Manners,  on  the  subject. 
of  the  Metropolitan  Main  Drainage. 
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<A,.)  i>:  =  ^^  {(64-4  cl  ;,,  +  tl)  J  -  tj}  ; 

in  which  i\  still  continues  the  velocity  in  feet  per 
second,  as  determined  from  observation.  These  for- 
mulae may  be  again  reduced  to  many  others.  If  h^  be 
taken  in  inches  (A^  becomes 

•621  i 

<A,.)  B.=  ^l{  (5-37  4  K  +  ti)  *-  ti}. 

Mr.  Pole,  in  a  letter  to  Mr.  Simpson  and  Captain 
Oalton,  already  referred  to,  gives  the  special  value, 

which  corresponds  very  closely  with  the  experiments 
made  for  Mr.  Simpson.  If  c^  =  '712,  which  also 
closely  corresponds  with  those  experiments,  our  equa- 
tion (As)  becomes  for  them 

(A4.)        D^  =  1-225  I  { (2-72  K  +  ti)^  -  ri}  ; 
but  the  amomit  of  the  discharge  must  always  depend  on 
the  coefficient  q,  equation  (A3)  suited  to  the  special 
circumstances  of  the  case  imder  consideration. 

The  form  of  equation  for  the  discharge  proposed  by 
Mr.  Boyden*  includes  the  effects  of  the  end  con- 
tractions :  it  is 

v  =  c  {I  --  bnh^}  hi} 
in  which  c  =  ^  c^  \/  2  g,  n  the  number  of  end  con- 
tractions, I  the  length  of  the  weir,  Ab  the  head 
measured  from  the  surface  of  the  water  above  the 
curvature  of  approach,  and  b  a  coefficient  due  to  the 
nature  of  the  end  contractions.  The  mean  nimie- 
rical  expression  for  this  formula,  derived  by  Francis 
from  his  experiments,  is  for  feet  measures,  per  second, 

*  Francises  Lowell  Hydraulic  Experiments,  p.  74. 
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D  =  8-33  (Z  -  'lnh^)h^^,* 
but  the  value  of  c  varied  from  3*303  to  8-3617.  These 
results  give  corresponding  values  of  c^  =  '617  to  •628> 
^and  when  c  ==  8-33,  c^  =  •623.  The  experimental 
results  compared  with  this  formula  have  been  referred 
to  at  p.  71. 

Francis's  LoweU  experiments  on  a  wooden  dam 
10  feet  long,  level  and  8  feet  wide  at  the  crest,  with 
a  head  slope  of  8i  to  1  in  a  channel  10  feet  wide> 
give,  for  heads  between  6  and  20  inches,  a  meau 
coefficient  of  *663  or  "565.  This  for  feet  measures 
would  give  for  the  discharge  per  second 

D  =  3-02  hK 
For  greater  depths,  on  this  width  of  crest,  the  dis- 
charge would  probably  rise  as  high  as  3*1  h^  or  3'3  h^^ 
The  section  of  the  dam  was  the  same  as  that  erected 
by  the  Essex  Company  across  the  Merrimack  River, 
at  Lawrence,  Massachusetts.  See,  also,  Table  op 
Coefficients,  p.  68. 

In  equation  (13),  p.  42,  there  is  given  a  general 
expression  for  the  value  of  d  through  a  triangular 
notch.  Professor  Thomson,  of  the  University  of 
Glasgow,  in  a  paper  read  at  the  British  Association 
at  Leeds  in  1858,  says : — 

"  The  ordinary  rectangular  notches,  accurately  ex- 
perimented on  as  they  have  been,  at  great  cost  and 
with  high  scientific  skill,  in  various  countries,  with 
the  view  of  determining  the  necessary  formulas  and 
coefficients  for  their  application  in  practice,  are  for 
many  purposes  suitable  and  convenient.  They  are, 
however,  but  ill  adapted  for  the  measurement  of  verj' 
♦  Francises  Lowell  Hydraulic  Experiments,  p.  119. 
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variable  quantities  of  water,  such  as  commonly  occur 
to  the  engineer  to  be  gauged  in  rivers  and  streams. 
If  the  rectangular  notch  is  to  be  made  wide  enough 
to  allow  the  water  to  pass  in  flood  times,  it  must  be  ^ 
so  wide  that    for  long  periods,  in  moderately  dry 
weather,  the  water  flows  so  shallow  over  its  crest, 
that  its  indications  cannot  be  relied  on.    To  remove, 
in  some  degree,  this  objection,  gauges  for  rivers  or 
streams  are  sometimes  formed,  in  the  best  engineering 
practice,   with   a  small  rectangular  notch   cut  down 
ielow  the  general  level  of  the  crest  of  a  large  rectan- 
gular notch.     If  now,  instead  of  one  depression  being 
made  for  dry  weather,  we  use  a  crest  wide  enough  for 
use  in  floods,  we  conceive  of  a  large  number  of  de- 
pressions extending  so  as  to  give  the  crest  the  appear- 
ance of  a  set  of  steps  of  stairs,  and  if  we  conceive  the 
number  of  such  steps  to  become  infinitely  great,  we  are 
led  at  once  to  the  conception  of  the  triangular  instead 
of  the  rectangular  notch.     The  principle  of  the  trian- 
gular notch  being  thus  arrived  at,  it  becomes  evident 
there  is  no  necessity  for  having  one  side  of  the  notch 
vertical,  and  the  other  slanting ;  but  that,  as  may  in 
many  cases  prove  more  convenient,  both  sides  may  be 
made  slanting,  and  their  slopes  may  be  alike.     It  is 
then  to  be  observed,  that  by  the  use  of  the  triangular 
notch,  with  proper  formulas  and  coefficients  derivable 
by  due  imion  of  theory  and  experiments,  quantities  of 
runnmg  water  from  the  smallest  to  the  largest  may  be 
accurately  gauged    by  their  flow  through  the   same 
notch.     The  reason  of  this  is  obvious,  from  consider- 
ing that  in  the  triangular  notch,  when  the  quantity 
flowing  is  very  small,  the  flow  is  confined  to  a  small 
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space  admitting  of  accurate  measurement ;  and  that 
the  space  for  the  flow  of  water  increases  as  the  quantity 
to  be  measured  increases,  but  still  continues  such  as  to 
admit  of  accurate  measurement. 

"Further,   the    ordinary  rectangular  notch,  when 
applied  for   the  gauging  of  rivers,  is  subject  to  a 
serious  objection  from  the  difficulty  or  impossibility  of 
properly    taking  into    account  the  influence   of   the 
bottom  of  the  river  on  the  flow  of  the  water  to  the 
notch.     If  it  were  practicable  to  dam  up  the  river  so 
deep  that  the  water  would  flow  through  the  notch  as 
if  coming  from  a  reservoir  of  still  water,  the  difficulty 
would  not  arise.     This,  however,  can  seldom  be  done 
in  practice,  and  although  the  bottom  of  the  river  may 
be  so  far  below  the  crest  as  to  produce  but  little  efiect 
on  the  flow  of  the  water  when  the  quantity  flowing  is 
small,  yet  when  the  quantity  becomes  great,  the  velo- 
city of  approach  comes  to  have  a  very  material  influ- 
ence on  the  flow  of  the  water,  but  an  influence  which  is 
usually  difficult,  if  not  impracticable,  to  ascertain  with 
satisfactory  accuracy.    In  the  notches  now  proposed  of 
a  triangular  form,  the  influence  of  the  bottom  may  be 
rendered  definite,  and  such  as  to  aflect  ahke  (or  at 
least  by  some  law  that  may  be  readily  determined  by 
experiment)  the  flow  of  the  water  when  very  small,  or 
when  very  great,  in  the  same  notch.     The  method  by 
which  I  propose  that  this  may  be  effected  consists 
in  carrying  out  a  floor,  starting  exactly  from  the  vertex 
of  the   notch,    and   extending  both  up-stream  and 
laterally,  so  as  to  form  a  bottom  to  the  channel  of 
approach,  which  will  both  be  smooth  and  will  serve  as 
the  lower  bounding  surface  of  a  passage  of  approach 
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unchanging  in  form  while  increasing  in  magnitude,  at 
the  places  at  least  which  are  adjacent  to  the  vertex  of 
the  notch.  The  floor  may  be  either  perfectly  level,  or 
may  consist  of  two  planes,  whose  intersection  would 
start  from  the  vertex  of  the  notch,  and  would  pass  up- 
stream perpendicularly  to  the  direction  of  the  weir 
board;  the  two  planes  slanting  upwards  from  their 
intersection  more  gently  than  the  sides  of  the  notch. 
The  level  floor,  although  theoretically  not  quite  so 
perfect  as  the  floor  of  two  planes,  would  probably  for 
most  practical  purposes  prove  the  more  convenient 
arrangement. 

"  With  reference  to  the  use  of  the  floor  it  may  be 
said,  in  short,  that  by  a  due  arrangement  of  the  notch 
and  the  floor,  a  discharge  orifice  and  channel  of 
approach  may  be  produced,  of  which  (the  upper  surface 
of  the  water  being  considered  as  the  top  of  the  channel 
and  orifice)  the  form  will  be  unchanged  or  but  little 
changed,  with  variations  of  the  quantity  flowing ;  very 
much  less  certainly  than  is  the  case  with  rectangular 
notches. 

"Whatever  may  be  the  result  in  this  respect,  the 
main  object  must  be  to  obtain,  for  a  moderate  number 
of  triangular  notches  of  different  forms,  and  both  with 
and  without  floors  at  the  passage  of  approach,  the 
necessary  coefficients  for  the  various  forms  of  notches 
and  approaches  selected,  and  for  various  depths  in  any 
one  of  them,  so  as  to  allow  of  water  being  gauged  for 
practical  purposes,  when  in  friture  convenient,  by 
means  of  similarly  formed  notches  and  approaches. 
The  utility  of  the  proposed  system  of  gauging  it  is  to 
be  particularly  observed,  will  not    depend    upon  a 
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perfectly  close  agreement  of  the  theory  described  with 
the  experiments,  because  a  table  of  experimental 
coefficients  for  various  depths,  or  an  empirical  formula 
slightly  modified  from  the  theoretical  one,  will  serve 
all  purposes. 

"To  one  evident  simplification  in  the  proposed 
system  of  gauging,  as  compared  with  that  by  rect- 
angular notches,  I  would  here  advert,  namely,  that 
in  the  proposed  system  the  quantity  flowing  comes 
to  be  a  function  of  only  one  variable — ^namely,  the 
measured  head  of  water — ^while  in  the  rectangular 
notches  it  is  a  function  of  at  least  two  variables, 
namely,  the  head  of  water,  and  the  horizontal  width 
of  the  notch ;  and  is  commonly  also  a  function  of  a 
third  variable  very  difficult  to  be  taken  into  account, 
namely,  the  depth  from  the  crest  of  the  notch  down 
to  the  bottom  of  the  channel  of  approach,  which 
depth  must  vary  in  its  influence  with  all  the  varying 
ratios  between  it  and  the  other  two  quantities  of  which 
the  flow  is  a  function. 

"  The  proposed  system  of  gauging  also  gives  facili- 
ties for  taking  another  element  into  account  which 
often  arises  in  practice  —  namely,  the  influence  of 
back  water  on  the  flow  of  the  water  in  the  gauge, 
when,  as  firequently  occurs  in  rivers,  it  is  foimd 
impracticable  to  dam  the  river  up  sufficiently  to  give 
it  a  clear  overfall  free  from  the  back  or  tail  water. 
For  any  given  ratio  of  the  height  of  the  tail  water 
above  the  vertex  of  the  notch  to  the  height  of  head 
water  above  the  vertex  of  the  notch,  I  would  antici- 
pate that  the  quantities  flowing  would  still  be  approxi- 
mately at  least,  proportional  to  the  I  power  of  the 
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heady  as  before ;  and  a  set  of  coefficients  would  have 
to  be  determined  experimentally  for  different  ratios 
of  the  height  of  the  head  water  to  the  height  of  the 
tail  water  above  the  vertex  of  the  notch. 

**  I  have  got  some  preliminary  experiments  made  on 
a  ri^t-angled  notch  in  a  vertical  plane  surface,  the 
sides  of  the  notch  making  angles  of  45^  with  the 
horizon,  and  the  flow  being  from  a  deep  and  wide 
pool  of  quiet  water,  and  the  water  thus  approaching 
the  notch  uninfluenced  by  any  floor  or  bottom.  The 
principal  set  of  experiments  as  yet  made  were  on 
quantities  of  water  varying  from  about  2  to  10  cubic 
feet  per  minute ;  and  the  depths  or  heads  of  the  water 
varied  from  2  inches  to  4  inches  in  the  right-angled 
notch.    From  these  experiments  I  derive  the  formula 

Q  =  0-317  H« 
where  q  is  the  quantity  of  water  in  cubic  feet  per 
minute,  and  h  the  head  as  measured  vertically  in 
inches  from  the  still  water  level  of  the  pool  down  to 
the  vertex  of  the  notch.  This  formula  is  submitted 
at  present  temporarily  as  being  accurate  enough  for 
use  for  ordinary  practical  purposes  for  the  measure- 
ment of  water  by  notches  similar  to  the  one  experi- 
mented on,  and  for  quantities  of  water  limited  to 
nearly  the  same  range  as  those  in  the  experiments ; 
but  as  being,  of  course,  subject  to  amendment  by 
more  perfect  experiments  extending  through  a  wider 
range  of  quantities  of  water." 

In  the  first  edition  of  this  book  we  gave  the  general 
form  of  the  equation  for  the  discharge  through  tri- 
angular notches,  and  also  showed  the  general  applica- 
tion of  the  coefficients  '617   to  '628  for  all  forms  of 


Digitized  by  VjOOQ  IC 


ORTFICES,    WEIRS,  PIPES,   AND  RIVERS.  131 

'orifices  and  notches  in  thin  plates.  'GIT,  as  shown  in 
note  p.  42,  gives  a  result  identical  with  the  practical 
results  of  Professor  Thomson's  experiments.  The 
great  advantage  of  the  triangular  notch  for  gauging  is, 
that  the  sections  for  all  depths  flowing  over  ai'e  similar 
triangles,  and  therefore  the  coefficient  probably  remains 
-constant,  or  nearly  so,  not  only  for  one  but  for  all 
species  of  triangles,  when  the  depth  at  the  apex  is  not 
very  small  indeed  in  proportion  to  the  width  flowing 
over  at  the  surface. 

The  disadvantage  of  the  proposed  triangulai*  fonn 
•of  depression,  if  permanent  in  a  dam,  would  be  that 
the  angular  point  should  be  at  a  lower  level  than  the 
top  of  a  horizontal  crest  to  maintain  the  same  level, 
«bove  of  the  water,  during  floods ;  and  therefore  the 
power  of  the  water  and  head  would  be  reduced  at  the 
period  when  most  required  for  mill-power  or  navigation 
purposes ;  that  is,  duiing  dry  weather.  For  drainage 
purposes  the  winter  level  or  that  during  floods,  must 
evidently  be  kept  down,  unless  when  the  banks  are 
«teep,  and  along  rapids ;  but  these  remarks  do  not 
apply  to  dams  erected  across  millraces  or  streams  where 
the  banks  ai'e,  generally,  considerably  above  floods; 
they  only  refer  to  occasions  for  permanent  gauging, 
to  find  the  relations  of  evaporation,  absoiption,  and 
discharge  for  lai'ge  catchment  ai'eas.  For  notch 
gauging,  to  determine  the  useful  effect  of  water  engines, 
rectangular  foims  in  thin  plates  have  tlie  coefficients 
already  well  detennined,  and  the  calculations  are  easy. 
Rivers  and  large  quantities  of  flowing  water  in  the 
absence  of  a  weir,  are  best  gauged  by  selecting  some 
poition   where    the  section   and  velocity  are   neai'ly 
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uniform  and  detennining  each  of  these  from  the 
soundings,  and  the  observed  velocities  between  them, 
from  bank  to  bank.  The  jagged,  loose  and  irregular 
crests  on  most  mill-weii's  are  unfit  to  gauge  from. 

In  weirs  at  right 
angles  to  channels 
with  parallel  sides,, 
the  sectional  area 
can  never  equal 
that  of  the  channel 
unless  it  be  mea- 
sured at  or  above  the  point  a,  where  the  sinking  of  the 
overfall  commences ;  and  unless  also  the  bed  c  d  and 
sm'face  a  b  have  the  same  inclination.  In  all  open 
channels,  as  millraces,  streams,  rivers,  the  supply  is 
derived  from  the  surface  inclination  of  a  b,  and  this  in- 
clination regulates  itself  to  the  dischai'ging  power  of' 
the  overfall.  When  the  overfall  and  channel  have  the 
same  \\'idth,  and  the  latter  is  considerable,  then,  as 
shall  appear  hereafter,  91  V^t  s  is  the  mean  velocity 
in  the  channel,  where  h  is  the  depth  in  feet  and  8  the 

rate  of  inclination  of  the  surface  a  b.     Also  j  y/  2  g  It 
is  the  theoretical  velocity  of  discharge  at  the  overfall, 
of  equal  depth  with  the  channel,  and,  when  both  velo-- 
cities  are  equal, 

I  V~2fh  =  5-35  VT  =  91  VTT; 

from  which  is  found 

a  =^  =  -00346, 

the  inclination  of  b  a  when  the  supply  is  equal  to  tlie 
theoretical  discharge  at  the  overfall.     If  the  coefficient 
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at  the  overfall  vere  '628,  or,  which  is  nearly  the  same 
thing,  if  a  large  and  deep  weir  basin  intervene  between 
tlie  weii*  and  channel,  Fig.  19,  a  a  would  be  level,  the 


|Bi»-^     A 

a      FJg.lO 

1        1      T^ 

^ 

JL   ^  ^^ 

T      ^ 

-'    ^ 

velocity  of  approach  would  be  destroyed,  and  then 
5-35  X  -628  \/Ti  =  3-36  V/t  =  91  s/Ts; 
and  thence  the  inclination  of  b  a  is 
8  =  ij  =  -00136 
Teiy  nearly.    When  discussing  the  surface  inclination 
of  rivers,  it  will  be  seen  that  the  conditions  here  as- 
sumed and    the  resulting   surface  inclinations  would 
produce  velocities  that  would  desti'oy  the  regimen  and 
involve  a  considerable  loss  of  head.     If  the  quantity 
<lischarged  under  both  circumstances  be  thfe  same,  and 
Ji  be  the  depth  in  the  first  case,  Fig.  18,  then  the  head 

in  the  latter  case.  Fig.  19,  is  equal  (^)  h  =  1*36  h 

Tery  nearly,  from  which  and  the  suiface  inclination  the 
extent  of  the  backwater  may  be  found  with  sufficient 
accurac}'.     When,  in  Fig.  19,  the  inclination  of  a  b 

exceeds  — ,  the  head  at  a  must  exceed  the  depth  of  the 
river  above  a.  Further  on.  Section  X.,  some  remarks 
will  be  found  on  the  backwater  curve. 
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SECTION  V. 

SUBMERGED  ORIFICES  AND  WEIRS. CONTRACTED  RIVER 

CHANNELS. 

The  available  pres^ 
sure  at  any  point  in 
the  depth  of  the  ori- 
fice A,  Fig.  20,  is. 
3  equal  to  the  diffe- 
rence of  the  pres- 
sures on  each  side. 
This  differenca  is  equal  to  the  i)ressure  due  to  the 
height  ft,  between  the  water  surfaces  on  each  side  of 
tlie  orifice ;  in  this  case,  the  velocity  is 

(47.)  r=Cd  V2flfft; 

and  the  discharge 

(48.)  J>=ldcc,\/^ghi 

in  which,  as  before,  I  is  the  lengthy  and  d  the  deptli  of 

the  rectangular  orifice  a. 

"When  the  orifice 
is  partly  submerged, 
as  in  Fig.  21,  ftb— 
h=^d2  may  be  put 
for  the  submerged 
depth,  and  ft — ft^^ 
rfj,    the    remaining 

portion  of  tlie  depth;  whence  fl^, +^2 ~^  ^^  ^®  entire- 

ileptli.     The  discliai-ge  tln-ough  the  submerged  depth 
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^1  is  Cd  i  dj  X  's/  2  g  h,  and  the  discharge  through 
the  upper  portion  di  is 

whence  the  whole  discharge — assuming  the  coefficient 
of  discharge  c^  is  the  same  for  the  upper  and  lower 
depths — ^is 

(49.)      D=CdZV27|da\^+  |(fei-7,,*)| 
We  may,  however,  equation  (81),  assume  that 

very  nearly,  and  hence 

(50.)    D=ca  I  rf,  V27A  +  eild  J^g^h,  —  ^»). 

As  h%+  ^  =  fe—_i  this  equation  may  be  changed 
2  2 

into 


(51.)    I>=c^U^^r2gh  +  c^ldi^  2g(h,  +  ^). 

In  either  of  these  forms  the  values  of 

Q  V2jh,  c^J^gf^  h  -  i^),and  c^J  2  g  (h,  +^) 

can  be  had  from  Table  II.,  and  the  value  of  the 
discharge  d  thence  easily  found.  When  fc— ^1^=^^— fc, 
the  mean  value  of  c^  may  be  taken  at  about  *586  ;  that 
is  when  the  backwater  rises  to  the  centre  of  the 
orifice* 

When  the  water  approaches  the  orifice  with  a  de- 
terminate velocity,  the  height  h^^  due  to  that  velocity 
can  be  found  from  Table  II.,  and  the  discharge  is 
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then  found  by  substituting  A+A^  and  /it+fc»  for  h  and 
h^  in  the  above  equations. 

1  In  the  submerged 
weir,  Fig.  22,  h  be- 
■  comes  equal  to  d^ 
E  andfet=0;  the  dis- 
I  charge,  equation 
n    (49),  then  becomes 


(52.) 


D=Cd  I  V'2ydi  { c?i  +  J^ }  • 


When  the  water  approaches  with  a  velocity  due  to  the 
height  A^,  then  h  becomes  A+A*,  At=^»>  «^d  equation 
(49)  becomes 

(53.)  D=CdJ  \/2^  {  d,  Vdr+  *•+  ^  (di  +  AJ*-  aJ  } . 

In  the  Improvement  of  the  Navigation  op 
Rivers,  it  is  sometimes  necessary  to  construct  weirs 
so  as  to  raise  the  upper  waters  by  a  given  depth,  di. 
The  discharge  d  is  in  such  cases  previously  known,  or 
easily  determined,  then  from  the  values  of  di,  and  d, 
and  equation  (52),  the  value  of  the  rise  over  the 
crest, 

(54.)  d,= ?,__-^di; 

or,  by  taking  the  velocity  of  approach  into  account, 

(55.)    d,= B  „  f  (d.  +  Aji -- jl^ 

CdZV2^(dx+A0      »      Vdi  +  A, 
This  value  of  da  must  be  the  depth  of  the  top  of  the 
weir  below  the  original  surface  of  the  water,  in  order 
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that  this  surface  should  be  raised  by  a  given  depth,  di. 
When  Ai^  is  small  compared  with  d^,  -   (t^i+AJ   may 

be  put  fori  X  ('^^-■^,''*l"L^^ in  equation  (55). 

Example  VI. — A  river  whose  width  at  the  surface  is 
70  feet,  whose  hydraulic  mean  depth  is  4'4  feet,  and 
whose  cross  sectional  area  is  325  feet,  has  a  surface  in^ 
Hination  of  1  foot  per  mile ;  to  what  depth  below,  or 
height  above  the  surface  must  a  weir  at  right  angles  to 
the  channel  be  raised,  so  that  the  depth  of  water  im- 
mediately above  it  shall  be  increased  by  9^ feet? 

When  the  hydraulic  mean  depth  is  4*4  feet,  and  the 
fall  per  mile  1  foot,  from  Table  VIII.  the  mean 
velocity  of  the  river  is  29'98  or  80  inches  very  nearly 
per  second.  The  discharge  is,  therefore,  825  x  2J- 
=  812*5  cubic  feet  per  second,  or  48760  cubic  feet  per 

minute.     Hence,  —  =  696'4  cubic  feet,  must  pass 

over  each  foot  in  length  of  the  weir  per  minute.  As- 
suming the  coefficient  c^  =  '628  in  the  first  instance, 
from  Table  VI.  the  head  passing  over  a  weir  corres- 
ponding to  this  discharge  is  27*4  inches ;  but  as  the 
liead  is  to  be  increased  by  8i  feet,  or  42  inches,  it  is 
clear  that  the  weir  must  be  perfect ;  that  is,  have  a 
clear  overfall,  and  rise  42  —  27*4  =  14*6  inches  over 
the  original  water  surface.  In  order  that  the  weir  may 
be  submerged,  or  imperfect,  the  head  could  not  be  in- 
creased by  more  than  27'4  inches.  Therefore,  assume 
tlie  EXAMPLE,  that  tJie  increase  shall  be  only  18  instead  of 
42  inches  /  the  weir  then  becomes  submerged,  and,  from 
equation  (54), 
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d,  =  f^'f  -  I  X  18"  (as  I  =  1  foot). 

-628  Vl8"  X  2^7      » 

The  value  of  the  first  part  of  this  expression  is  found 

from  Table  VI.  or  Table  II.  equal  to 

696-4  696-4        ,  „„ ,   ,      „„„<.. 

^x|x  870-841       370  341 

hence  22-56  -  ^  =  10-56  inches  is  the  value  of  d^; 

that  is,  the  submerged  weir  must  be  built  within  10-56 

inches  of  the  surface  to  raise  the  head  18  inches  above 

the  former  level.    If,  however,  the  velocity  of  approach 

812*5 
be  taken  into  account,  it  is  equal  to  =  2  feet  per 

second  very  nearly ;  and  the  height,  or  value  of  h^,  due 
to  this  velocity,  taken  from  Table  II.,  is  -  =  '75  inch 
nearly ;  therefore,  from  equation  (55), 

,  ^ 696-4^  _  a  ^  (18-75)^  -  (•75)« 

•628V2^iri8-75       '  V 18-75 

The  value  of -.^^^^ -_^.  =  (from  Table  VI.) 

•628\/2(/  X  18-75 

is ^96:4 ^  696:4     ^  ..g^^^^,  ^  ^^.^q. 

1x^x393-75      »W»- 

.  X  (^«'^^;-M^Lx  18-75  .|xJ?€ 
'  V  18-75  '  '     V18-75 

=  12-5  -  \  X    .f^-  =  12-5  -  -1  =  12-4. 

Hence  rfj  =  22'08  —  12-4  =  9'68  inches,  or  about  1 

inch  less  than  the  value  previously  found  from  equa- 

*  This  is  foand  from  Tabli  II.  more  readily. 
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tion  (54).  The  mean  coefficient  of  discharge  was  here 
assumed  to  be  *628.  Experiments  on  submerged  weira 
show  that  the  value  of  c^  varies  from  '5  up  to  '8,  but 
as  this  coefficient  would  reduce  the  value  of  dj,  or  the 
depth  of  the  top  of  the  weir  below  the  surface,  it  is. 
safer  (where  a  given  depth  above  a  weir  must  be  ob- 
tained) to  use  the  lesser  and  ordinary  coefficients  or 
perfect  weii's,  with  a  clear  overfall,  for  finding  the  crest, 
levels  of  submerged  weirs,  when  it  is  necessary  to  con- 
struct them.  If  the  coefficient  '8  were  used  in  the- 
previous  calculation,  then  would  have  been  found  d^  = 

'628  X  22-08  _  J2.4  ^  ^^.gg  _  j2-4  =  4-98  in.,  or 

•8 
not  much  more  than  half  the  previous  value ;  and  thia 
would  only  increase  the  whole  height  of  the  weir  by 
9-68  -  4-93  =  4-75  inches. 

As  D  =  J  Cd  Z  \/ 2^  {(di  +  K)^  —  7/|}  for  a  perfect 

weir  with  a  free  overfall,  it  is  clear  that  when  d  is 

greater  than  -  c^  I  V^2  g  {{d^  +  h^  —  AJ},  the  weir  is. 

imperfect  or  submerged.  For  backwater  curve  see 
Section  X. 

In  the  following  table  of  coefficients  from  Lesbros* 
</j  is  measui'ed  from  that  point  below  the  weir  where 
its  value  is  a  minimum.  On  examining  equation  (52)^ 
it  will  be  seen  that  the  equation  d  =  c^  Z  (di  +  dj) 
w  2  g  di  adopted  by  Lesbros  is  incorrect,  and  can  only^ 
be  safely  used  within  the  limits  of  his  experiments. 

*  Vide  p.  84,  deuxifemo  ^ition,  Hydraulique,  par  Arthur  Moriiu. 
Paris,  1858. 
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COEFFICIENTS  FOR  SUBMERGED  NOTCHES. 


Valaeflof 

Values  of  the 

cocflBcient  Cj 

in  the  formula 

Values  of 
1             <«i 

Values  of  the 

coefficient  C4 

intheformulA 

D  =  CjKrf,  +rfa)!          d,  +d. 

**l     T^    *•■ 

xV2yd,.       I 

X  y/igd,. 

•001 

•227 

•060 

•519 

•002 

•295 

•eso 

•517 

•003 

•363                       -100 

•516 

•150 

•512 

•004 

•430 

•200 

•507 

•005 

•496 

"250 

•502 

•006 

•556 

•800 

•497 

•007 

•597 

•850 

•492 

•008 

•605 

•400 

•487 

•009 

•600 

•450 

•480 

•010 

•596 

•015 

•580 

•600 

•474 

•020 

•570 

•650 

•466 

•025 

•557 

1        •eoo 

•459 

•080 

•546 

•700 

•444 

•085 

•537 

•800 

•427 

•040 

•631 

•900 

•409 

•045 

•526 

1-000 

•390 

•050 

•622 

tt 

>» 

The  experimental  values  are  those  shown  between  Uu 
the  others  above  the  upper  ones,  and  below  the  lower  on 
from  calculation  by  Lesbros. 

)  horisontal  lines, 
Bs,  were  deduced 

The  true  value  of  the  discharge  is  expressed  by  the 
equation  i>  =  CdZ-|-di  +  ^r    XV^S^rdi,  and  the 

values  of  q  in  the  above  table  are,  therefore,  too  small, 
applied  to  the  correct  formula.  When  di  =  d^  the 
table  gives  c^  =  '474.  Now  for  weirs  in  which  the 
sheet  passing  over  is  "  drowned,"  the  general  value  of 
the  coefficient  is  about  '67 ;  this  would  give  the  coeffi- 
cient for  the  lower  portion  d^,  in  the  true  formula,  equal 
to  '503,  and  a  mean  coefficient  c^  in  the  correct  formula 
(52)  equal  to  -569  nearly.  When  dj  =  200  di,  the  ap- 
parent limits  of  the  experiments  on  the  other  side,  then 
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He  mean  value  of  c^  =  '496  nearly  in  equation  (52). 
These  results  would  show  that  the  coefficient  due  to 
the  submerged  depth  d^,  in  the  first  and  last  experi- 
ments, is  equal  to  about  '5  nearly,  (but  varies  to  'ft 
nearly  in  some  of  the  middle  experiments,)  or  there-^ 
abouts,  and,  therefore,  equation  (52)  for  submerged 
weirs,  as  the  coefficient  for  the  upper  part  di  is  '67, 
would  become 

(52a.)    d  =  Z  X  {'445  dj  +  '5  d^]  x  ^/  2g  d^; 
which  for  feet  measures  would  become  again 
(62b.)    d  =  Z  X  \/ di  X  {3-56  di  +  4  dj}, 
for  the  discharge  in  cubic  feet  per  second  over  a  sub- 
merged weu-.  Fig.  22. 

CONTRACTED   'RVfER  CHANNELS. 

When  the  banks  of  a  river,  whose  bed  has  a  uniform 
inclination,  approach  each  other,  and  contract  the 
width  of  the  channel  in  any  way,  as  in  Fig.  28,  the 


water  will  rise  in  the  channel  above  the  contracted  por- 
tion A,  until  the  increased  velocity  of  discharge  com- 
pensates for  the  reduced  cross  section.  If,  as  before, 
di  be  put  for  the  increase  of  depth  immediately  above 
the  contracted  width,  and  ^2  ^^  the  previous  depth  of 
the  channel,  the  quantity  of  water  passing  through  the 
lower  depth,  d^,  is  equal  to  r^  Z  d2  V  2  </  rfi,  in  which  Z 
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is  the  width  of  the  contracted  channel  at  a,  and  the 
quantity  of  water  overflowing  through  di  equal  to  -  x 
<A^di  Vigdi;  and  hence  the  whole  discharge  through 


A  IS 


(56.)  D  =  Cd  Z  V  2  (/  di(d2  4-  -^di). 

When  the  object  is  to  find  the  width  {  of  the  contracted 
channel,  so  that  the  depth  of  water  in  the  upper 
stretch  shall  be  increased  by  a  given  depth  rZj,  then 
«haU 

<S7.)  I  = 3^ ^ 

When  the  velocity  of  approach  is  considerable,  or  when 
the  height  h^  due  to  it  becomes  a  large  portion  of  rfi, 
its  eflfect  must  not  be  neglected.  In  this  case,  as  before, 
the  discharge  through  the  depth  dj  is  equal  to  c^l  d^x 
V  2  <7  (rfi  +  ftft) ;  and  the  discharge  through  the  depth 
di  equal  to  -  q  Z  V  2  ^  {(rfi  +  hj^  —  hi};  and  hence 
the  whole  discharge  is 

(58.)  D=cjV2d  {d,  id,  +  hj  +  Im  +  hj  -  ht\} ; 
from  which  may  be  found 

<59.)    1=  — 5 . 

ca  V  2  (,  {d,  (d,  +  hJ  +  \  [{d,  +  hJ  -  kt\} 

If  the  projecting  spur  or  jetty  at  a  be  itself  sub- 
merged, these  formulae  must  be  extended  ;  the  manner 
•of  doing  so,  however,  presents  no  difficulty,  as  it  is 
only  necessary  to  find  the  discharges  of  the  different 
■sections  according  to  the  preceding  formula,  and  then 
add    them    together;    but   the  resulting  formula  sa 
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found    is    too  complicated    to  be  of  much  practical 
value. 


HEADS  ABISING  FtlOM  PIERS  AND  BACKWATER  ABOVE 
BRIDGES. 

Equations  (56),  (57),  (58),  and  (59),  are  applicable 
to  cases  of  contraction  of  river  channels  caused  by  the 
construction  of  bridge-piers  and  abutments,  when  the 
width  {  is  put  for  the  sum  of  the  openings  between 
them.  The  value  of  the  coefl&cient  c^  will  depend  on 
the  peculiai'  circumstances  of  each  case ;  it  was  shown 
that  it  rises  from  '5  to  •?  in  some  cases  of  submerged 
weirs,  and  for  cases  of  contracted  channels  it  rises 
sometimes  as  high  as  '8,  particularly  when  they  are 
analogous  to  those  for  the  discharge  through  mouth- 
pieces and  short  tubes.  When  the  heads  of  the  piers 
are  square  to  the  channel,  the  coefl&cient  may  be  taken 
at  about  '6;  when  the  angles  of  the  cut- waters  or 
sterlings  are  obtuse,  it  may  be  taken  at  about  *7 ;  and 
when  curved  and  acute,  at 'S.  With  this  coeflScient,  a 
head  of  2f  inches  will  give  a  velocity  of  very  nearly  86 
inches,  or  8  feet  per  second ;  but  as  a  certain  amount 
of  loss  takes  place  from  the  velocity  of  the  tail-water 
being  in  general  less  than  that  through  the  arch,  also 
from  obstructions  in  the  passage,  and  from  square- 
headed  and  very  short  piers,  the  coeflScient  may  be  so 
small  in  some  cases  as  "5,  which  would  require  a  head 
of  6i  inches  to  obtain  the  same  velocity.  This  head  is 
to  the  former  as  54  to  21.  The  selection  of  the  proper 
coefl&cient  suited  to  any  particular  case  is,  therefore,  a 
matter  of  the  first  importance  in  determining  the  eflfect 
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of  obstructions  in  river  channels  :  this  subject  shall  be 
referred  to  again,  but  it  is  necessary  to  observe  here, 
that  the  form  of  the  approaches,  the  length  of  the  piers 
compared  with  the  distance  between  them,  or  span, 
and  the  length  and  form  of  the  obstruction  compared 
with  the  width  of  the  channel,  must  be  duly  considered 
before  the  coefficient  suited  to  the  particular  case  can 
be  fixed  upon.  Indeed,  the  coefficients  will  always 
approximate  towards  those,  given  in  the  next  section, 
for  mouth-pieces,  shoots,  and  short  tubes  similarly  cir- 
cumstanced. For  some  further  remarks  on  contracted 
channels,  see  Section  X. 


SECTION  VI. 

SHORT  TUBES,  MOUTH-PIECES,  AND  APPROACHES. — ^AL- 
TERATION IN  THE  COEFFICIENTS  FROM  FRICTION  BV 
INCREASING  THE  LENGTH. — COEFFICIENTS  OF  DIS- 
CHARGE FOR  SIMPLE  AND  COMPOUND  SHORT  TUBES* 
SHOOTS. 

The  only  orifices  heretofore  referred  to  were  those 
in  thin  plates  or  planks,  with  a  few  incidental  excep- 
tions. It  has  been  shown,  page  86,  Fig.  4,  that  a 
rounding  off,  next  the  water,  of  the  mouth-piece  in- 
creases the  coefficient ;  and  when  the  curving  assumes 
the  form  of  the  vena-contractay  the  coefficient  increases 
to  '986,  or  nearly  unity  for  the  outer  orifice.  The  dis- 
charge fi:om  a  short  cylindrical  tube  A,  Fig.  24,  whose 
length  is  from  one  and  a  half  to  three  times  the  diameter^ 
is  found  to  be  very  nearly  an  arithmetical  mean  between 
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the  theoretical  discharge  and  the  discharge  through  a 
circular  orifice  in  a  thin  plate  of  the  same  diameter  as 
the  tube,  or  '814  nearly.  If,  however,  the  inner  arris 
be  rounded,  or  chamfered  off  in  any  way,  the  coefficient 
will  increase  until,  in  the  tube  b.  Fig.  24,  with  a  pro- 
perly-rounded junction,  it  becomes  imity  very  nearly. 

Fig.  24. 


In  the  conical  short  tubes  c  and  d  the  coefficients  are 
found  to  vary  according  to  some  function  of  the  con- 
verging or  diverging  angles  o,  o,  and  according  as  the 
lesser  or  greater  diameter  is  taken  to  calculate  fi'om. 
When  the  length  of  the  tube  exceeds  twice  the  dia- 
meter, the  friction  of  the  water  against  the  sides  may 
be  taken  into  account. 

The  following  table,  calculated,  for  a  coefficient  of 
friction  '00699,  due  to  a  discharging  velocity  of  about 
eighteen  inches  per  second,  see  Section  VIII.,  shows 
the  resistance  arising  from  friction  in  pipes  of  different 
lengths  in  relation  to  the  diameter,  and  will  be  found 
of  considerable  practical  value.  It  will  be  perceived 
that  the  calctdations  are  made  for  three  different 
orifices  of  entry.  First,  when  the  arrises  are  rounded, 
as  in  B,  Fig.  24,  with  a  coefficient  of  '986 ;  secondly. 
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00SFFI0IENT8  FOR  SHORT  AKD  LONG  TUBKS. 

Yelocitlee  about  1-5  foot  per  seoond. 

Number  of 
diameters  in 

coefficients  of  dis- 

Number  of 
diametenin 

Cm  1  espomuing 
coefficients  of  du- 

the  length 
of  the  pipe. 

ehai^ge,  showing  the 
effects  of  fricdon. 

theloBffth 
ofthe^pe. 

ohaige,  showinff  the 
effects  of  ftiefion. 

2  diameters 

•986 

•814 

•715 

650  diameteni 

•228 

•226 

•223 

5        „ 

•986 

•779 

•690 

700        „ 

•220 

•217 

•216 

10        „ 

•884 

•747 

•668 

750        „ 

•213 

•211 

•209 

15        „ 

•840 

•720 

•649 

800        „ 

•206 

•205 

•208 

20        „ 

•801 

•695 

•630 

850        „ 

•201 

•199 

•197 

26        „ 

•767 

•673 

•615 

900        „ 

•195 

•193 

•192 

80        „ 

•787 

•653 

•598 

950        „ 

•190 

•189 

•187 

85        „ 

•711 

•634 

•584 

1000        „ 

•186 

•184 

•188 

40        „ 

•693 

•617 

•570 

1100        „ 

•177 

•176 

•175 

45        , 

•665 

•601 

•558 

1200        „ 

•170 

•169 

•168 

50        „ 

•646 

•686 

•546 

1400        „ 

•158 

•157 

•156 

100        „ 

•513 

•480 

•458 

1600        „ 

•148 

•147 

•146 

160        „ 

•439 

•418 

■403 

1800        „ 

•139 

•139 

•188 

200        „ 

•889 

•875 

•864 

2000        „       . 

•132 

•132 

•181 

250        „ 

•354 

•845 

•334 

2200        „ 

•126 

•126 

•125 

300        „ 

•827 

•318 

•811 

2400        „ 

•120 

•120 

•120 

850        „ 

•304 

•297 

•292 

2600        „ 

•116 

•116 

•116 

400        „ 

•287 

•280 

•276 

2800        „ 

•112 

•112 

•112 

450        „ 

•271 

•266 

•262 

8000        „ 

•108 

•108 

•108 

600        „ 

•258 

•254 

•250 

3200        „ 

•105 

•105 

•104 

650        „ 

•247 

•248 

•240 

3400        „ 

•102 

•102 

•101 

600        „ 

•287 

•284 

•281 

8600        „ 

•099 

•099 

•099 

Seep.  199. 

when  the  arrises  are  square,  as  in  a,  with  a  coefficient 
of  'SIS ;  and,  thirdly,  when  the  pipe  projects  into  the 
yessel,  when  the  coefficient  of  entry  becomes  reduced 
to  '715.  The  velocity  is  ^^_^ 
V  =  Ca  V  2gh, 
h  being  measured  to  the  centre;  lower  end  of  the  tube. 
It  is  seen  from  this  table,  that  the  effect  of  adding 
to  the  length  of  the  pipe  is  greatest  next  the  orifice 
of  entry.  The  effect  of  a  few  diameters  added  to  the 
length  in  long  pipes  is,  practically,  immaterial ;  but 
in  short  pipes  it  is  considerable. 
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As  for  orifices  in  thin  plates,  so  also  for  short  tubes, 
the  coefficients  are  found  to  vary  according  to  the 
depth  of  the  centre  below  the  surface  of  the  water, 
and  to  increase  as  the  depths  and  diameter  of  the 
tube  decrease.  Poleni  first  remarked  that  the  dis- 
charge through  a  short  tube  was  greater  than  that 
through  a  simple  orifice,  of  the  same  diameter,  in  the 
proportion  of  183  to  100,  or  as  '617  to  -821. 

CYLINDRICAL   SHORT   TUBES,   A,   FIG.   24. 

The  experiments  of  Bossut,  as  reduced  by  Prony, 
give  the  following  coefficients,  at  the  corresponding 
depths,  for  a  cylindrical  tube  a.  Fig.  24,  1  inch  in 
diameter  and  2  inches  long.     The  depths  are  given  in 


COKFTICIENTS  POR  SHORT  TUBES,  FROM  .BOSSUT. 

HMdS 

in  feet 

Coeffloients. 

Heads 
in  feet. 

CoefSolente. 

Heads 
in  feet. 

Coeffieienta. 

1 
2 
3 
4 
6 

•818 
•807 
•807 
•807 
•806 

6 
7 
8 
9 
10 

•806 
•806 
•806 
•806 
•805 

11 
12 
18 
14 
16 

•805 
•804 
•804 
•804 
•803 

Paris  feet  in  the  original,  but  the  coefficients  remain 
the  same,  practically,  for  depths  in  English  feet. 

Venturi's  experiments  give  a  coefficient  '823  for  a 
short  tube  a,  1^  inch  in  diameter  and  4j^  inches  long, 
at  a  depth  of  2  feet  8|  inches,  the  coefficient  throu^ 
an  orifice  in  a  thin  plate  of  the  same  diameter  and  at 
the  same  depth  being  '622.  The  author  has  calcidated 
these  coefficients,  from  the  original  experiments.  The 
measures  were  in  Paris  feet  and  inches,  fi:om  which 
the  calculations  were  directly  made ;  and  as  the  differ- 

L  2 
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ence  in  the  coefficient  for  small  changes  of  depth  or 
dimensions  is  immaterial  or  vanishes,  as  may  be  seen 
by  the  foregoing  small  table,  and  as  1  Paris  inch  or 
foot  is  equal  to  1*0658  English  inches  or  feet,  the 
former  measures  exceed  the  latter  by  only  about  -^ih. 
It  may  therefore  be  assumed  that  the  coefficient  for  any 
orifice,  at  any  depth,  is  the  same,  whether  the  dimensions 
be  in  Paris  or  English  feet,  or  inches.  This  remark 
will  be  found  generally  useful  in  the  consideration  of 
the  older  continental  experiments,  and  will  prevent 
imnecessary  reductions  from  one  standard  to  another 
where  the  coefficients  only  have  to  be  considered. 

The  mean  value  derived  from  the  experiments  of 
IVIichelotti,  at  depths  from  8  to  20  feet,  and  with  short 
tubes  A  from  \  inch  to  8  inches  in  width,  is  q  =  •814. 
Buff's  experiments*  give  the  following  results  for  a 
tube  T^y  of  an  inch  wide  and  -j^  of  an  inch  long  nearly. 

BXJFF*S  COEFFICIENTS  FOE  SMALL  SHORT  TUBES. 


Head  in 
inchea. 

Coefficient 

Head  in 
inches. 

Coefficient 

Headin 
inches. 

Coefficient 

2J 

•866 

•861 

6 
14 

•840 
•840 

23 
82 

•829 
•826 

The  increase  for  smaller  tubes  and  for  lesser  depths 
appears  by  comparing  these  results  with  the  foregoing, 
and  from  the  results  in  themselves,  generally.  Weis- 
bach's  experiments  give  a  mean  value  for  ^^='815,  and 
for  depths  of  from  9  to  24  inches  the  coefficients  '848, 

•832,  -821,  -810  respectively,  for  tubes  ^,  ^,  ^  and|?  of  an 

inch  wide,  the  length  of  each  tube  being  three  times  the 

*  Annalen  der  Physik  und  Chemie  yoq  Poggendorff,  1889,    Band 
46,  p.  248. 


Digitized  by  VjOOQ  IC 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS. 


149 


diameter,  D'Aubuisson  and  Castel's  experiments  with 
a  tube  "61  inch  diameter  and  1*57  inch  long,  give  "829 
for  the  coefficient  at  a  depth  of  10  feet.  When  a  pipe 
projects  into  a  cistern  and  has  a  sharp  edge,  the 
coefficient  falls  so  low  as  '715. 

The  coefficients  in  the  following  two  short  tables 
were  calculated  by  the  author  from  Eennie's  experi- 
ments with  glass  orifices  and  tubes,  Table  7,  p.  485, 
Philosophical  Transactions  for  1831.  The  form  of 
the  orifices,  or  length  of  the  shorter  tubes  is  not 
stated^  but  it  is  probable  from  the  residt,  that  the 
arrises  of  the  ends  were  in  some  way  rounded  off ;  it 
is  stated  they  were  "enlarged."  Indeed,  the  dis- 
charges from  the   short    tube   or  orifice   of  J  inch 

COEPPIOIENTS  FOE  SHOUT  TUBES,  THE  ENDS  ENLABGED. 


Head 
in  feet 

Jinoh 
di&meter. 

iinch 
diameter. 

finch 
diameter. 

linch 
diameter. 

1 
2 
3 

4 

1-231 
1-261 
1-346 
1-261 

•831 
-839 
•838 
•831 

-766 
•820 
•821 
•829 

•912 
•920 
•880 
•991 

diameter  exceed  the  theoretical  ones  in  the  proportion 
of  1-261  to  1,  and  1*846  to  1.  These  results  could 
not  have  been  derived  from  a  simple  cylindrical  tube^ 
but  might  have  arisen  from  the  arrises  being  more  or 
less  rounded  at  both  ends,  and  the  orifice  partaking  of 
the  nature  of  a  compound  tube,  which  may  be  con- 
structed, as  shall  hereafter  be  shown,  so  as  to  increase 
the  theoretical  discharge  from  1  up  to  1*553.  The 
resulting  coefficients  for  the  J  and'  J  inch  tubes, 
approach  very  closely  to    those  obtained    by  other 
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experimenters^  but  those  for  the  inch  tube  are  too 
high,  unless  the  arris  at  the  ends  was  also  rounded. 
The  coefficients  derived  from  the  experiments 
with  a  cylindrical  glass  tube  1  foot  long,  as  here 
given,  are  very  variable;    like  the  others  they  are, 

COEFFICIENTS  DERIVED  FROM  EXPERIMENTS  WITH  ▲  GLASS  TUBE 
ONE  FOOT  LONG. 


Heads 

iinch' 

ilnoh 

}inoh 

lineh 

in  feet. 

diameter. 

diameter. 

diameter. 

diameter. 

1 

•892 

•703 

•691 

•760 

2 

•914     • 

•734 

•718 

•749 

3 

•831 

•723 

•709 

•777 

4 

•914 

•726 

-m 

•816 

however,  valuable,  as  exhibiting  the  uncertainty  at- 
tending "  experiments  of  this  nature,"  and  the  neces- 
sity for  minutely  observing  and  recording  every 
circumstance  which  tends  to  alter  and  modify  them. 
Indeed,  for  small  tubes,  a  very  slight  difference  in  the 
measurement  of  the  diameter  must  alter  the  residt  a 
good  deal,  particularly  when  it  is  recollected  that 
measurements  are  seldom  taken  more  closely  than  the 
sixteenth  of  an  inch,  unless  in  special  cases.  As  the 
author,  however,  states,  p.  433  of  the  work  referred 
to,  that  the  **  diameters  of  the  tubes  at  their  extremi- 
ties were  carefully  enlarged  to  prevent  wire  edges 
from  diminishing  the  sections  ; "  this  circumstance 
alone  must  have  modified  the  discharges,  and  would 
account  for  most  of  the  differences. 

The  coefficient  for  rectangular  short  tubes  differs 
in  no  way  materially  from  those  given  for  cylindrical 
ones,  and  may  be  taken  on  an  average  at  '814 
or  -815. 
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SHOET  TUBES  WITH  A  ROUNDED  MOUTH-PIECE,    B, 
FIG.   24. 

When  the  junction  of  a  short  tube  with  a  vessel  takes 
the  form  of  the  contracted  vein,  Figs.  8  and  4,  pp.  85 
and  86,  the  mean  value  of  the  coefficient  c^  =  '956, 
and  the  actual  discharge  is  found  to  be  from  98  to  99 
per  cent,  of  the  theoretical  discharge.  Weisbach,  for 
a  tube  IJ  inch  long  and  V^  inch  diameter,  rounded  at 
the  junction,  found  at  1  foot  deep  c^  =  '958,  at  5  feet 
deep  Cd  =  '969,  and  at  10  feet  deep  Cd=  '975.  These 
experiments  show  an  iacrease  iq  the  coefficients,  in 
this  particular  case,  for  an  iacrease  of  depth.  Any 
other  form  of  junction  than  that  of  the  contracted 
vein,  will  reduce  the  discharge,  and  the  coefficients 
will  vary  from  '715  to  '814,  and  to  '986,  according  to 
the  change  in  the  junction  from  the  cylindrical,  pro- 
jecting iQto  the  vessel,  to  the  square  and  properly 
curved  forms.  The  coefficients  derived  from  Venturi's 
experiments  will  be  given  hereafter. 

SHORT  CONICAL  CONVERGENT  TUBES,  C,  FIG.  24. 

The  experiments  of  D'Aubuisson  and  Castel  lead  to 
the  following  coefficients  of  discharge  and  velocity* 
from  a  conically  convergent  tube  c  at  a  depth  of  10 
feet.  The  original  angles  and  coefficients  are  here 
interpolated  so  as  to  render  the  table  more  convenient 
to  refer  to,  for  practical  purposes,  than  the  original. 
The  diameter  of  the  tube  at  the  smaller  or  discharging 
orifice  in  the  experiments  was  *61  iuchesi  and  the 

*  Traits  d'Hydrsnlique,  Paris,  p.  60. 
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COEFFICIENTS  FOR  CONICAL  CONVERGENT  TUBES. 


Con- 

Ck)efficient 

Coeffident 

Con- 

Coefficient 

Coeffident 

Tewrlng 
angle  o. 

of  dis- 
charge. 

of 
Telocity. 

yerffing 
angle  o. 

of  dis- 
charge. 

of 
Tdodty. 

r 

•858 

•858 

14" 

•943 

•964 

T 

•873 

•873 

16' 

•937 

•970 

8* 

•908 

•908 

18^* 

•931 

•971 

4» 

•910 

•909 

20* 

•922 

•971 

6" 

•920 

•916 

22' 

•917 

•973 

6* 

•925 

•923 

26» 

•904 

•975 

8* 

•931 

•938 

30» 

•895 

•976 

lo-* 

•937 

•950 

40^* 

•869 

•980 

12» 

•942 

•955 

50' 

•844 

•985 

length  of  the  axis  1*57  inch ;  that  is,  the  length  was 
2*6  times  the  smaller  diameter  of  the  tube.  The  co- 
eificient  became  '829  for  the  cylindrical  tube,  L  e. 
when  the  angle  at  o  was  nothing.  The  angle  of 
convergence  o  determines,  from  the  proportions,  the 
length  of  the  inner  and  longer  diameter  of  the  tube. 
The  coefficients  of  discharge  increase  up  to  *943  for 
an  angle  of  18^  or  14  degrees,  after  which  they  again 
decrease ;  but  the  coefficients  of  velocity  increase  as 
the  angle  of  convergence,  o,  increases  from  '829, 
when  the  angle  is  zero  up  to  *985  for  an  angle  of  50 
degrees. 

When  D  is  the  discharge  and  a  the  area  of  the 
section,  as  before  shown,  d  =  c^  a  \/  2  g  h;  but  as, 
in  conically  convergent  or  divergent  tubes,  the  inner 
and  outer  areas  (or,  as  they  may  be  called,  the  re- 
ceiving and  discharging  sections)  vary,  it  is  clear  that, 
the  discharge  being  the  same,  and  also  the  theoretical 
velocity  V  2  gr  A,  the  coefficient  c^  must  vary  inversely 
with  the  sectional  area  a,  and  that  c^  X  a  must  be 
constant.     For  the  coefficients  tabidated,  the  sectional 
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area  to  be  used  is  that  at  the  smaller  or  outside  end 
of  a  convergent  tube  c,  Fig.  24. 

For  a  short  tube  c,  whose  length  is  "92  inch,  lesser 
diameter  1*21  inch,  and  greater  diameter  1*5  inch,  the 
author  has  found,  from  Venturi's  experiments,  that 
Cd  =  '607  if  the  larger  diameter  be  used  in  the  calcu- 
lation, and  Cd  =  '934  when  the  lesser  diameter  is  made 
use  of,  the  discharge  taking  place  imder  a  pressure  of 
2  feet  8|  inches. 

The  earlier  experiments  of  Poleni,  when  reduced, 
furnish  us  with  the  following  coefficients:  A  tube  7*67 
inches  long,  2*167  inches  diameter  at  each  end,  gave 
c^  =  -854 ;  the  like  tube  with  the  inner  or  receiving 
orifice  increased  to  2|  inches,  c^  =  '903 ;  increased  to 
3*6 inches,  c^  =  'SgS ;  increased  to  5  inches,  c^=  'BBS; 
and  increased  to  9*83  inches,  c^  =  '864.  The  depth 
or  head  was  21*33  inches,  the  discharging  orifice 
2*167  inches  diameter,  and  the  length  7*67  inches,  in 
each  case. 

In  the  conically  divergent  tube  d.  Fig.  24,  the  co- 
efficient of  discharge  is  larger  than  for  the  same  tube 
c,  convergent,  when  the  water  fills  both  tubes,  and 
the  smaller  sections,  or  those  at  the  same  distances 
firom  the  centres  o  o,  are  made  use  of  in  the  calcu- 
lations. A  tube  whose  angle  of  convergence,  o,  is  5, 
nearly,  with  a  head  of  firom  1  to  10  feet,  whose  axial 
length  is  S^  inches,  smaller  diameter  1  inch,  and  lar- 
ger diameter  1*3  inch,  gives,  when  placed  as  at  c,  "921 
for  the  coefficient ;  but  when  placed  as  at  d,  the  co- 
efficient increases  to  *94B.  In  the  first  case  the 
smaller  area,  used  in  both  calculations,  being  the  re- 
ceiving, and   in  the   other  the   discharging,  orifice. 
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The  coefficient  of  velocity  is,  however,  larger  for  the 
tube  c  than  for  the  tube  d,  and  the  discharging  jet 
of  water  has  a  greater  amplitude  in  falling.  The 
effects  of  conically  diverging  tubes  will,  however,  be 
better  perceived  from  the  experiments  on  compound 
short  tubes. 


EFFECTS   OP   COMPOUND   ADJUTAGES   AND   ADMISSION   OP 
AIR  INTO   SHORT  TUBES. 

If  the  tube  a  Fig.  24,  be  pierced  all  round  with 
small  holes  at  the  distance  of  about  half  its  diameter 
from  the  reservoir,  the  discharge  will  be  immediately 
reduced  in  the  proportion  of  '814  to  '617.  Venturi 
found  the  reduction  for  a  tube  1 J  inch  diameter  and 
4J  inches  long,  at  a  depth  of  2  feet  lOJ  inches,  as  41 
to  81,  or  as  •823  to  6*22.  As  long  as  one  hole  re- 
mained open,  the  discharge  continued  at  the  same 
reduced  rate;  but  when  the  last  hole  was  stopped, 
the  discharge  again  increased  to  the  original  quantity. 
If  a  small  hole  be  pierced  in  a  tube  4  diameters  long, 
at  the  distance  of  1\  or  2  diameters  at  nearest  to  the 
junction,  the  discharge  will  remain  unaffected.  This 
shows  that  the  contraction  in  the  cylindrical  tube 
extends  only  a  short  distance  from  the  junction,  pro- 
bably li  or  1 J  diameter,  including  the  whole  curvature 
of  the  contraction. 

The  contraction  at  the  entrance  into  a  tube  from  a 
reservoir  accoimts  for  the  coefficients  for  a  short  tube 
A,  Fig.  24,  and  the  short  tubes,  diagrams  1  and  2, 
Fig.  25,  being  each  the  same  decimal  nearly,  when 
o r:  or : :  1 :  '8,  ©r  when  or  is  not  less  than  o  R  X  '79, 
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and  is  at  the  distance  of  nearly  ^  from  o  b.     The 

form  of  the  junction  o  o  r  r  remaining  as  described, 
the  following  coefficients  will  enable  us  to  judge  of  the 
discharging  powers  of  differently  formed  short  mouth- 
pieces. They  have  been  deduced  and  calculated, 
principally,  from  Venturi's  experiments.* 
Fig.  25. 

1 


These  coefficients  show  very  clearly  that  any  cal- 
culations from  the  mere  head  of  water  and  size  of  the 
orifice,  without  taking  into  consideration  the  form  of 
the  discharging  tube  and  its  connection  with  the  re- 
servoir, are  very  uncertain ;  and  that  the  discharge  can 
only  be  correctly  obtained  when  all  the  circumstances 
of  the  case,  including  the  form  of  the  discharging 
orifice  and  its  approaches  have  been  didy  considered. 

When  a  tube  similar  to  diagram  5,  Fig.  25,  has  the 
junction  o  o  r  r  rounded,  as  in  Fig.  4,  page  86,  the 
outer  extremity  «  t  s  t,  such  that  «t  =  or,  «s=9«f, 
and  the  diameter  s  t  =  1*8  times  the  diameter  8 1,  with 
a  short  central  cylindrical  piece  o  r  8  t  between,  the 

*  See  Nicholson's  translatioii  of  VenturTs  Experimental  Inqniries, 
published  in  the  Tracts  on  Hydraulics,  London,  1836.  The  coefficients 
in  the  table,  next  page,  were  all  calculated  for  the  first  time  by  the 
Author. 
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TABLE  OF  COEFFICIENTS  FOR  SHORT  TUBES  AND  MOUTH-PIECES, 


Description  of  orifice,  mouth-pioco,  or  short  tube. 


8|| 


5    *- 

5  "^ 


An  orifice  U  inch  diameter  in  a  thin  plate  .       .    . 

A  cylindrical  tube  1^  inch  diameter  and  4^  inches 
long,  A,  Fig.  24 .        .  .        . 

A  short  tube  with  a  sharp  end  projecting  into  the 
dstem 

A  cylindrical  tube,  b,  Fig.  24,  having  the  junction 
rounded,  as  in  Fig.  4,  page  36 

A  short  conical  convei^gent  mouth-piece,  c,  Fig.  24, 
of  the  proportions  of  oorR.  Fig.  25   .        .        .    . 

The  like  tube  divergent,  with  the  smaller  diameter 
at  the  1  unction  with  the  reservoir;  length  8^ 
iucbes,  lesser  diameter  1  inch,  and  greater  dia- 
meter 1  -3  inch 

The  tube,  oouvrR,  diagram  2,  Fig.  25,  whenoB= 
1^  inch,«r=l-21  inch,  w  9=1*21  inch,  and  o«= 
r  vb2  inches,  the  cylindrical  portion  being  shown 
by  dotted  lines 

The  same  tube  when  ow=ll  inches  .... 

The  same  tube  when  ou= 23  inches  .       .    . 

The  tube,  oo<ST(rB,  diagram  2,  Fig.  26,  in  which 
o  R=<  f =s  T=l^  inch,  from  o  to  <  1}  inch,  and  <  b= 
3  inches,  gives  the  same  coefficient  as  the  cylin- 
drical tube,  result  No.  2  (see  No.  19^  via.      . 

The  tube,  diagram  1.  Fig.  25,  oR=l(  inch  .        .    . 

The  same  t4ibe,  having  the  spaces  o«o  and  %'t  B 
between  the  mouth-piece  oorR  and  the  cylin- 
drical tube  o  s  T  R  open  to  the  influx  of  the  water. 

The  double  conical  tube,  o  o  s  t  r  b,  diagram  3,  Fig. 
25,  when  o  rb8t=U  inch,  or=l*21  inch,  oo= 
-92  inch,  and  oss4-l  inches 

The  Uke  tube  when,  as  in  diagram  4,  Fig.  25, 
o or  Bbo ST r,  and  oossl*84  inch     .        .        .    . 

The  like  tube  when,  8T=1-46  inch,  and  oasc2-17 
inches 

The  like  tube  when  s  t=3  inches,  and  o  8b9} 
inches 

The  like  tu>>e  when  o  s=64  inches,  and  8  t  enlarged 
to  1*92  inch 

The  like  tube  when  ST=2i  inches,  and  os=12i 
inches 

A  tube,  diagram  5,  Fig.  25,  when  o«=r(=3  inches, 
o  r=«  t—\  -21  inch,  and  the  tube  o  s  t  r  the  same  as 
described  in  No.  12,  viz.  8T=l(inch,  and  «b=4-1 
inches 

The  tube,  diagram  2,  Fig.  25,  when  8  t  is  enlaiiged 
to  1  -97  inch,  and  <8  to  7  inches,  the  other  dimen- 
sions remaininff  as  in  No.  9 

When  the  junction  of  o$ri  with  <8T(,  diagram  2, 
Fig.  25,  is  improved,  the  other  parts  remaining  as 
described  in  No.  9 

Another  experiment  gives 


•622 
•823 

•ns 

•611 
•607 

•561 


•600 
•567 
•581 


•823 
•804 


•785 


•974 
•823 
•715 
•956 
•984 

•948 


•923 
•873 
•817 


1^266 
1-237 


1209 


•928 

1-428 

•823 

1-266 

•823 

1^266 

•911 

1400 

1^020 

1-560 

1-215 

1^855 

•895 

1-877 

•946 

1-454 

•860 

•847 

1^309 
1-303 
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coefficient  of  discharge,  corresponding  to  the  diameter 
or  =  r  8  will  increase  to  1*498  or  1*555  ;  that  is,  the 

discharge  is  —  =  2*4,  or  —  =  2*5  times  as  much 

as  through  an  orifice  (whose  diameter  is  o  r)  in  a  thin 

plate;  and  —   =  1*9  times  as  much  as  through  a 

short  cylindrical  tube  a.  Fig.  24,  whose  diameter  is 
also  o  r.  Venturi  was  of  opinion  that  this  discharge 
continued  even  when  the  central  cyUndrical  portion 
or  8  t  was  of  considerable  length ;  but  this  was  a  mis- 
take, as  the  maximum  discharge  is  obtained  when  it  is 
reduced  so  that  o  or  r  and  s  «  t  t  shall  join,  as  in 
diagram  8,  Fig.  25.  It  is  seen  from  No.  16  of  the  fore- 

l'S69  1*569 

going  coefficients  that  —  =  2*52  and  —  =  1*91  are, 

perhaps,  nearer  to  the  maximum  results  obtainable 
by  comparing  the  discharge  from  a  compound  tube 
o  o  s  T  r  R,  diagram  3,  Fig.  25,  with  those  through  an 
orifice  in  a  thin  plate,  and  through  a  short  cylin- 
drical tube.     When  the  form 


M  Fig*.  26 

Z}^}»»^»},j,»,,     g 


of  the  tube  becomes  curvi- 
lineal  throughout,  as  in 
Fig.  26,  s  T  =  1*8  o  r  and 
^  s  =  9  o  r,  the  coefficient 
suited  to  the  diameter  o  r  will  be  1*57  nearly,  and  the 

l'S7 

discharge  will  be  —  =  2*52  times  as  much  as  through 
an  orifice  o  r  in  a  thin  plate. 

The  whole  of  the  preceding  coefficients  have  been 
determined  from  circumstances  in  which  the  co- 
efficient for  an  orifice  in  a  thin  plate  was  *622,  and 
for  a  short  cylindrical  tube  '822  or  '828.  When  the 
<;ircumstances  of  head  and  approaches  in  the  reservoir 
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are  such  as  to  increase  or  decrease  those  primary  co- 
efficients, the  other  coefficients  for  compound  adjutages 
will  have  to  be  increased  or  decreased  proportionately. 
After  examining  the  foregoing  results^  it  appears 
sufficiently  clear  that  the  utmost  eflfect  produced  by 
the  formation  of  the  compound  moi^th-piece  o  o  s  t  r  r, 
with  the  exception  of  No.  17,  is  simply  a  restoration 
of  the  loss  effected  by  contraction  in  passing  through 
the  orifice  o  b  in  a  thin  plate,  and  that  the  coefficient 
2*5  applied  to  the  contracted  section  at  or  is  simply 
eqxwl  to  the  theoretical  discharge y  or  the  coeffixAent  unity ^ 
applied  to  the  primary  orifice  o  R ;  for,  as  orifice  o  r  : 
orifice  o  r  : :  1  :  '64,  very  nearly,  when  o  o  r  r  takes  the 
form  of  the  vena<ontractay  and  the  coefficient  of  dis- 
charge for  an  orifice  o  r  in  a  thin  plate  is  '622,  then  the 
ratio  of  the  theoretical  discharge  through  the  orifice 

0  R,  is  to  the  actual  discharge  through  an  orifice  o  r,  so  is 

1  to  -622  X  -64,  so  is  1  :  -89808  : :  1  :  -4  very  nearly  ; 
and  as  *4  X  2*5  =  1,  it  is  clear  that  the  form  of  the 
tube  o  o  s  T  r  R,  when  it  produces  the  foregoing  effect, 
simply  restores  the  loss  caused  by  contraction  in  the 
vena-contracta.  Venturi's  sixteenth  experiment,  from 
which  the  coefficients  in  No.  17  of  the  Table  are 
derived,  gives  the  coefficient  1*215  for  the  orifice  o  R. 
This  indicates  that  a  greater  discharge  than  the  theo- 
retical through  the  receiving  orifice  may  be  obtained. 
It  is,  however,  observable  that  Venturi,  in  his  seventh 
proposition,  does  not  rely  on  this  result,  and  Eytel- 
wein's  experiments  do  not  give  a  larger  coefficient  than 
2*5  applied  to  the  contracted  orifice  o  r,  which,  as 
above  shown,  is  equal  to  the  theoretical  discharge 
through  o  R. 
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SHOOTS. 

'When  the  sides  and  under  edge  of  an  orifice  or 
notch  increase  in  thickness,  so  as  to  be  converted  into 
a  shoot  or  small  channel,  open  at  the  top,  the  co- 
ej£cients  reduce  very  considerably,  and  to  some  extent 
beyond  what  the  increased  resistance  from  friction, 
particularly  for  small  depths,  appears  to  indicate. 
Poncelet  and  Lesbros*  foimd  for  orifices  8''  x  8'', 
that  the  addition  of  a  horizontal  shoot  21  inches  long 
reduced  the  coeificient  from  '604  to  '601,  with  a  head 
of  about  4  feet ;  but  for  a  head  of  4^  inches  the  co- 
efficient fell  from  -572  to  -488.  For  notches  8"  wide, 
with  the  addition  of  a  horizontal  shoot  9'  KY'  long,  the 
coefficient  fell  from  '582  to  479  for  a  head  of  6'^ ;  and 
from  -622  to  -340  for  a  head  of  1".  Castel  also  found 
for  a  notch  8"  wide,  with  the  addition  of  a  shoot  8" 
long,  inclined  4°  18',  the  mean  coefficient  for  heads 
from  2"  to  4J'^  to  be  '527  nearly.  The  effects  arising 
from  friction  alone  will  be  perceived  from  the  short 
table  at  the  beginning  of  this  section,  p.  146. 

The  orifice  of  entiy  into  a  shoot  and  its  position 
with  reference  to  the  sides  and  bottom  modify  the 
discharge,  the  head  remaining  constant.  Lesbros  t 
has  given  the  coefficients  suited  to  different  positions 
of  shoots  both  within  and  without  a  cistern,  and  from 
notches  and  submerged  orifices ;  but,  however  valuable 
these  are  in  some  respects,  they  are  of  little  practical 
use  to  the  engineer.  The  general  principles  which 
are  involved  in  the  modification  of  these  coefficients 

•  Traits  d'Hydraulique,  pp.  46  et  94. 

t  Vide  Morin's  Hydranliqae,  deim^e  idition,  pp.  29  et  40. 
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liave,  however,  been  already  pointed  out  when  dis- 
cussing the  eflfects  of  the  position  of  the  orifice,  and 
the  addition  of  short  tubes,  on  the  discharge.  Equa- 
tion (74b),  p.  196,  is  here  applicable. 


SECTION  VII. 

liATERAL  CONTACT  OP  THE  WATER  AND  TUBE. — ATMO- 
SPHERIC PRESSURE. HEAD  MEASURED  TO  THE  DIS- 
CHARGING  ORIFICE. COEFFICIENT   OF   RESISTANCE. 

FORMULA    FOR    THE    DISCHARGE    FROM    A    SHORT 

TUBE. — ^DIAPHRAGMS. — OBLIQUE  JUNCTIONS. — FOR- 
MULA FOR  THE  TIME  OF  THE  SURFACE  SINKING  A 
GIVEN  DEPTH. — ^LOCK  CHAMBERS. — SLUICES. — TIDAL 
SLUICES. 

The  contracted 
vein  0  r  is  about  "8 
times  the  diameter 
o  R ;  but  it  is  found, 
notwithstanding,  that 
water,  in  passing 
through  a  shoii;  tube 
of  not  less  than  1} 
diameter  in  length,  fills  the  whole  of  the  discharging 
orifice  s  t.  This  is  partly  effected  by  the  outflowing 
column  of  water  carrying  forward  and  exhausting  the 
air  between  it  and  the  tube,  and  by  the  external  air 
then  pressing  on  the  column  so  as  to  enlarge  its 
diameter  and  fill  the  whole  tube.  When  once  the 
water  approaches  closely  to  the  tube,  or  is  caused  to 
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approach,  it  is  attracted  and  adheres  with  some  force 
to  it.  The  water  between  the  tube  and  the  vena-con- 
traeta  is,  however,  rather  in  a  state  of  eddy  than  of 
forward  motion,  as  appears  from  the  experiments,  with 
the  tube,  diagram  2,  Fig.  26,  giving  the  same  discharge 
as  the  simple  cylindrical  tube.  If  the  entrance  be  con- 
tracted by  a  diaphragm,  as  at  o  b,  Fig.  27»  the  water 
will  also  generally  fill  the  tube,  if  it  be  only  sufficiently 
long.  Short  cylindrical  tubes  do  not  fill  when  the 
discharge  takes  place  in  an  exhausted  receiver;  but 
even  diverging  tubes,  d.  Fig.  24,  will  be  filled,  under 
atmospheric  pressure,  when  the  angle  of  divergence, 
o,  does  not  exceed  7  or  8  degrees,  and  the  length  be 
not  very  great  noi^  very  short. 

When  a  tube  i8  fitted  to  the  bottom  or  aide  of. a  vessel, 
it  is  found  that  the  discharge  is  that  due  to  the  head 
measured  from  the  surface  of  the  water  to  the  lower  or 
discharging  extremity  of  the  tube.  It  must,  however, 
be  sufficiently  long,  and  not  too  long,  to  get  filled 
throughout.  Guiglielmini  first  referred  this  effect  to 
atmospheric  pressure,  but  the  first  simple  explanation 
is  that  given  by  Dr.  Mathew  Young,  in  the  Transac- 
tions of  the  Royal  Irish  Academy,  vol.  vii.,  p.  66. 
Venturi,  also,  in  his  fourth  proposition,  gives  a 
demonstration. 

The  values  of  the  coefficients  for  short  cylindrical 
tubes,  which  are  given  p.  166,  have  been  derived  from 
experiments.  Coefficients  which  agree  pretty  closely 
with  them,  and  which  are  derived  from  the  coefficients 
for  the  discharge  through  an  orifice  in  a  thin  plate, 
may,  however,  be  calculated  as  follows  :  Let  c  be  the 
area  of  the  approaching  section.  Fig.  27,  a  the  area  of 

X 
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tlie  discharging  short  tube^  and  a  the  area  of  the 
orifice  o  b  which  admits  the  water  from  the  vessel  into 
the  tube  :  also  put,  as  before,  h  for  the  head  measured 
from  the  surface  of  the  water  to  the  centre  of  the 
tube,  and  diaphragm  o  b  ;  i;  for  the  actual  velocity  of 
discharge  at  st  ;  v^  for  the  velocity  of  approach  in  the 
section  c  towards  the  diaphragm  o  r  ;  and  c^  for  the 
coefficient  of  contraction  in  passing  from  o  b  to  o  r ; 
then  c  X  v.  =  A  X  V,  the  contracted  section  o  r  = 
Co   X    a,  and  consequently  the  velocity  at  the  con- 

tracted  section  is  equal  to =  — ^.     Now  a  theo- 

a  Co       d  Cq 

retical  head  equal  to 


^  ^vl_ 


"O-rD 


is  necessary  to  change  the  velocity  t?.  into  v  by  the 
action  of  gravity ;  but  as  the  water  at  the  conjtracted 

section  o  r,  moving  with  a  velocity ,  strikes  against 

a  Co 

the  water  between  it  and  t  s,  moving,  from  the  nature 
of  the  case,  with  a  slower  velocity^*  a  certain  loss  of 
effect  takes  place  from  the  impact.  If  this  be,  sup- 
posed, sudden,  then  writers  on  mechanics  have  shown 
that  a  loss  of  head,  equal  to  that  due  to  the  difference 

A  V 

of  the  velocities,  —  v,  before  and  after  the  impact 

a  Cq 

must  take  place.  This  loss  of  head  is  therefore  equal  to 
(-A-iV 

Xac^        / 

— 2-9 

*  Vide  Sir  Bobert  Kane's  translatioii  of  Biihlman's  book  on  Hori- 
zontal Water  Wheels,  p.  49. 


%^ 
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whence  the  whole  head, 

(60.)     A=L_^!^L^k^ — L., 

from  which  the  velocity  from  a  short  tube^  is  found 
to  be 

(61.)    v=  V2^jj_A^_^  /^^jVl  . 

Now,  as  V  2  ^  fe  would  be  the  velocity  of  discharge 
were  there    no  resistances,   or   loss  sustained,  it  is 

evident  that-<  ^  _  -^  i   Ij^  —  lY  f    becomes  as  it 

were  a  coefficient  of  velocity.  When  the  diameter  of 
the  diaphragm  o  r  becomes  equal  to  the  diameter  s  t 
of  the  tube,  a  =  a,  and  as  the  coefficient  of  velocity 
becomes  equal  to  the  coefficient  of  discharge  when 
there  is  no  contraction,  m  such  case  this  coefficient, 
which  we  call  e  o/,  is  expressed  by  the  formula 

im   '»/={i-^+e.-')'}'* 


*  When  the  diaphragm  is  placed  in  a  tabe  of  uniform  bore,  then 
c  «  A,  and 

1        _      C'      f 


eo/,ss 


1 eJ 


aCt  a 

and  the  loes  of  head,  in  passing  the  diaphragm,  becomes 

It  is  evidentfrom  the  equations  that  —  and  e,  depend  mntuaUy  on 

M  2 
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and  when  the  approaching  section    c  is   very  large 
compared  with  the  area  a, 

^ ^i 

(63.) 


-^•4-e!-o'} 


If  Co  =  "64,  the  last  equation  gives  c  of .  =  "872 ;  if 
Cc  =  -601,  cof.  =  -838;  if  Ce=  "617,0  0/.  =  '847; 
and  if  Co  =  '621,  c  of .  =  "866.  These  results  are  in 
excess  of  those  derived  from  experiment  with  cylin- 
drical short  tubes,  perfectiy  square  at  the  ends  and  of 
uniform  bore.  As  some  loss,  however,  takes  place  in 
the  eddy  between  o  r  and  the  tube,  and  from  the  fric- 
tion at  the  sides,  not  taken  into  account  in  the  above 
calculation,  they  will  account  for  the  differences  of  not 
more  than  from  4  to  6  per  cent,  between  the  calculation 
and  experiment.  If  Cobe  assumed  for  calculation  equal 
•690,  then  c  o/"='821 ;  and  as  this  result  agrees  very 
closely  with  the  experimental  one,  c^  should  be  taken 
of  this  value  in  using  the  foregoing  formulae,  from  (60) 
to  (63),  for  practical  purposes.  The  thickness  of  the 
diaphragm  itself  and  the  relation  of  that  thickness  to 
the  diameter,  as  well  as  the  form  of  the  orifice  a, 
are  necessary  elements  in  the  consideration  of  this 
question. 

COEFFICIENT  OF  RESISTANCE.  —  LOSS  OF  MECHANICAL 
POWER  IN  THE  PASSAGE  OF  WATER  THROUGH  THIN 
PLATES  AND   PRISMATIC   TUBES. 

The  coefficients  of  contraction,  velocity,  and  dis- 

cach  other,  and  that  t^ey  cannot  be  assumed  arbitrarily.  See  eqna- 
tions  (66),  (67),  (123),  (124),  and  (125),  with  the  corresponding 
remarks. 
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charge  have  been  already  defined.     The  coefficient  of 

resistance  is  the  ratio  of  the  head  due  to  the  resistance^ 

to  the  theoretical  head  due  to  the  actual  or  final  velocity. 

If  v  be  this  latter  velocity,  the  theoretical  head  due  to 

.    .    r* 

it  is  ^r— ;  and  if  c^  be  the  coefficient  of  resistance,  then 

the  head  due  to  the   resistance   itself  is,  from  our 

v^ 
definition,  c,  X  ^^.     Now  if  c^  be  the  coefficient  of 

^9 

velocity,  the  theoretical  velocity  of  discharge  must  be 

— ,  and  the  head  due  to  it  is  equal  -s — :    but   as 

v^ 
the  theoretical  head  due  to  i;  is^,  then 

^9 

v^       _  ^  —  ^L      1  \~ 
c?  X  ^g'^  2g-\c\^^)^g 

is  the  head  due  to  the  resistance ;  and,  therefore,  from 

the  definition,  the  coefficient  of  resistance  is 

(64.)  c,=-|-l; 

from  which  the  coefficient  of  velocity  is  found 

These  equations  enable  us  to  calculate  the  coefficient 
of  resistance  from  the  coefficient  of  velocity,  and  vice 
versd.  If  c^  =  1,  c,  =  0,  as  it  should  be.  The 
following  short  table,  calculated  from  equation  (65), 
will  be  of  use.  In  short  tubes,  the  coefficient  of 
velocity  Cy  is  equal  to  the  coefficient  of  discharge  ca* 
The  coefficient  of  velocity  for  an  orifice  in  a  thin 

*  See  the  tables  of  resistances,  disdiarge,  and  contraction,  pp.  16d 
and  171. 
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COEFFICIENTS  OF  VELOCITY  AND  RESISTANCE. 


Coeffident 

Coefficient 

Coeffidait 

Coefficient 

Coefficient 

Coefficient 

of 

of  • 

of 

of 

of 

of 

velocity. 

redfltanoe. 

velocity. 

resistance. 

velocity. 

resistance. 

•990 

•020 

•910 

•208 

•830 

•452 

■970 

•063 

•890 

•263 

•820 

•488 

•950 

•109 

•870 

•320 

•814 

•508 

•930 

•160 

•850 

•388 

•810 

•525 

plate,  or  for  a  mouth-piece,  Fig.  4,  is  '974 ;  while 
that  for  a  short  prismatic  tube,  a,  Fig.  24,  is  '814 
nearly.  The  coefficient  of  resistance  in  the  former 
case  is  '054,  and  in  the  latter  '608 ;  there  is,  therefore, 
9*4  times  as  great  a  loss  of  mechanical  power  in 
the  passage  through  short  prismatic  tubes,  as  through 
orifices  in  thin  plates  or  tubes  with  a  rounded  junction, 
as  in  Fig.  4,  the  quantities  of  water  discharged  and 
the  discharging  orifices  being  the  same. 

If  the  quantities  discharged  and  the  heads  be  the 
same  in  both  cases,  then 

:  is  equal  to  the  head ; 


f? 


2sr  X  -814* 
that  IS,  7 


2(/  X 


•974* 


668  X  2  g  -  -949  X  2  ^'  ^"^  '^^^  ^^^'^^^  tj; 
whence  we  get  t;?  =  '698  v\  and  vl  =  1'481  tj  ^r  the 
relation  of  the  discharging  velocities,  t?©,  from  an 
orifice,  and,  t?t,  from  a  short  tube.     The  height  due  to 

the  resistance  is  therefore,  ( -^rr-jo  —  1 1-^  for  short 

\  -814^         J  2g 

(1            \  1'431  r* 
g  —  1)  — ^ ^  for  orifices 

in  thin  plates.     These  are  to  each  other  as  *508  to 
•054  X  1-431,  or  as  5*08  to   '773,   that  is  to  say, 
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the  loss  of  mechanical  power  arising  from  the  resistance 
in  passing  through  short  tubes  is  6*67  times  as  great  as 
when  the  water  passes  through  thin  plates  or  mouth' 
pieces f  as  in  Fig.  4 ;  and  the  discharging  mechanical 
power  in  plates^  is  to  that  in  tubes  as  1*481  to  1,  or  as 
1  :  '698,  the  heads  and  quantities  discharged  being 
the  same. 

The  whole  loss  of  mechanical  power  in  the  passage 
is  6*4  per  cent,  for  the  plates,  and  about  61  per  cent, 
for  short  tubes.  If  the  loss  compared  with  the  whole 
head  be  sought,  then,  when  v  is  the  discharging  velo- 
city, ;qYj  is  the  theoretical  velocity  due  to  the  head 

in  short  tubes,  and  its  square  ,^^-z  =  -ttp^  is   as   the 
^         -814=^       -663 

whole  head ;  therefore,  the  whole  head  is  to  the  head 

due  to  the  discharging  velocity  as  ^^^^-to  t?*,  or  as  1 

*ooo 

to  '663 ;  and  as  "608  is  the  coefficient  of  resistance  * 

for  the  dischanging  velocity,  'SOB  X  "663  =  '837  is 

the  coefficient  of  resistance  due  to  the  whole  head ; 

this  is  equal  to  a  loss  of  34  per  cent,  nearly,  or  about 

one-third.    In  like  manner,  '974^  x  "064  =  '0612  is 

found  for  the  coefficient  when    the  discharge  takes 

place  through  thin  plates,  or  5\  per  cent,  of  the  whole 

head. 

DIAPHRAGMS. 

When  a  diaphragm,  o  b.  Fig.  27,  is  placed  at  the 
entrance  of  a  short  tube,  it  is  shown,  page  162^  that 

♦  Table,  p.  166. 
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a  loss  of  head  equal  ^-5 takes  place  when  v 

is  the  discharging  velocity,  whence  the  coefficient  of 
resistance  is  equal  to  f —  —  1  J  ,  *  according  to  the 

definition.  The  coefficient  of  contraction  Cc,  as  before 
shown,  page  164,  should  be  taken  equal  to  '590  in  the 
application  of  formula  (63) ;  and,  as  it  must  also  be 
taken  equal  to  about  '621  when  the  area  of  the  tube  a 
is  yery  large  compared  with  the  area  a  of  the  orifice 
o  R  in  the  diaphragm,  it  may  be  assumed  that  when 

—  is  equal  to 

-]  successively,  the  coefficient  c^  must  be  taken  equal  to  >- 

V  -821..    -618.     -816.     -813;     -809.     '606.     '603.     -6001     '697.      593^   and    'flOOi  J 

taken  in  the  same  order.  As  the  approaching  section 
0  may  be  considered  exceedingly  large,  the  value  of 
the  coefficient  of  discharge  or  velocity,  as  the  tube 
o  B  s  T  is  supposed  full,  in  equation  (61),  becomes 

and  the  coefficient  of  resistance 

(67.)  c,  =  i— — iV; 

\a  Cc         / 

*  For  the  sudden  alteration  in  the  velocity  passing  through  a 
diaphragm,  we  must  reject  the  hypothesis  of  D'Aubuisson,  Traits 
d'Hydraulique,  p.  288,  and  adopt  that  of  l^avier,  taking  the  loss  of 
head  to  correspond  to  the  square  of  the  difference  and  not  to  the  differ- 
ence of  the  squares  of  the  velocities  in  and  after  passing  the  orifice. 
The  coefficient  of  contraction  must,  however,  be  varied  to  suit  tho 
ratio  of  the  channels,  as  it  is  in  this  and  the  following  pages. 
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from  which  equations  and  the  above  values  of  Cc,  cor- 
responding to — ,  the  following  values  of  the  coeffi- 
cients of  discharge  and  resistance  through  the  tube 
o  R  s  T,  Fig.  27  have  been  calculated. 

COEFFICIENTS  OF  CONTEACTION,   DI8CHABGE,   AND  BESISTANCE  FOB. 
DIAPHRAGMS. 


Batio 
a 

A 

Coefficient 

for  the 
orifice  A. 

Coefficient 

Ratio 
a 

A* 

1. 

Coefficient 

for  the 
orifice  A. 

0-0 

•621 

•000 

infinite. 

0-6 

•608 

•493 

8-115 

0-1 

•618 

•066 

231  • 

0^7 

•600 

•587 

1-907 

0-2 

•615 

•139 

50-8 

0-8 

•597 

•676 

1198 

0-3 

•612 

•219 

19-8 

0-9 

•598 

•753 

•762 

0-4 

•609 

•807 

9^6 

10 

•590 

•821 

•483 

0-6 

•606 

•899 

58 

... 

... 

... 

... 

In  this  table  c^  is  the  coefficient  of  contraction,  c^ 
the  coefficient  of  discharge,  suited  to  the  larger  section 
of  the  pipe  a,  at  s  t  ;  and  c,  the  coefficient  of  resist- 
ance. The  discharge  is  found  from  equation  (61),  as 
c  is  here  very  large  compared  with  a,  to  be 

[       1       n 

(67a.)  i>  =  a  V  2  ^  a  j  _^  /^  _  ^y 

Va  Co        /  / 

The  coefficient  of  resistance  c,  is  here  equal  ( 1  K 

XuCq        / 

and  the  coefficient  of  dischar&fe  Ca  =7^ ri.  * 

(I+cja 

*  For  the  loss  sustained  by  contraction  in  the  bore  of  a  pipe  by  a 
diaphragm,  see  equations  (123),  (124),  and  (125).    The  actual  value  of 
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The  tube  must  be  so  placed,  that  the  water,  after 
passing  the  diaphragm,  shall  fill  it;  for  instance, 
between  two  cisterns,  when  the  height  h  must  be 
measured  between  the  watei*  surfaces,  or  when  the 
tube  is  sufficiently  long  to  be  filled ;  in  this  case,  how- 
ever, the  height  must  he  determined  from  the  discharging 
velocity y  as  a  portion  of  the  head  is  required  to  over- 
come the  Mction,  which  shall  be  referred  to  more 
particularly  in  the  next  section. 

The  table  shows  that  the  head  due  to  the  resistance 
is  5*3  times  that  due  to  the  discharging  velocity,  when 
the  area  of  the  diaphragm  is  half  the  area  of  the 
tube ;  that  is,  the  whole  head  required  is  6*8  times 
that  due  to  the  velocity,  and  that  the  coefficient  of 
discharge  is  reduced  to  '399.  In  order  to  find  the 
coefficients  suited  to  the  smaller  area  of  the  orifice  in 
the  diaphragm  o  b,  when  it  is  to  be  used  in  calcula- 
tions of  the  discharge,  divide  the  numbers  corresponding 

to  —into  those  of  c^,  opposite  to  them  in  the  table. 
Thus,  when—  =  '8,  then  the  coefficient  of  discharge 

•fi7K 

suited  to  the  area  a,  is  equal -^  =  "844,  and  so  of 
other  values  of  the  ratio-.      The  coefficients  in  the 

A 

table,  page  169,  are  for  the  larger  orifice  A  in  the 
formula  d  =  a  Cd  V  2  ^  fe. 

C  in  equation  (67a)  depends  on  the  thickness  of  the  diaphragm  as  well 
as  on  the  relation  of  a  and  A.  The  form  of  the  orifice  a  also  affects 
the  value  of  c«« 
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SHORT  TUBES  OBLIQUE  AT  THE  JUNCTION. 

When  a  tube  is  at- 
tached obliquely,  as  in 
Fig.  28,  the  author 
has  found  that  if  the 
number  of  degrees  in 
the  angle  tos,  formed 
by  the  direction  of 
the  tube  o  s,  with  the  perpendicular  o  t,  be  represented 
by  4>,  then  '814  —  *0016  ^  will  give  the  coefficient  of 
discharge  corresponding  to  the  obliquely  attached  short 
tube  in  the  Figure.  This  formula  is,  however, 
empirical,  but  it  is  simple,  and  agrees  pretty  closely 
with  experimental    results.      As    the    coefficient    of 


resistance  is  equal 


c,= 


--j^  —  1,  equation  (64),  then  here 
—    1 ;    from  these  equations 


(•814- -0016  <^)3 
the  following  table  for  heads  measured  to  the  middle 
of  the  outside  orifice  has  been  calculated : — 


COEFFICIENTS  OF 

DI8CHABGE  . 

^ND  RESISTANCE  FOR 

OBLIQUE 

JUNCT0N8. 

In  degrees. 

Coefficient 

Coefficient 

in  degrees. 

Coefficient 

Coefficient 

of 
discharge. 

of 
resistance. 

of 
discharge. 

of 
resistance. 

0** 

•814 

•508 

85' 

•758 

•740 

5 

•806 

•539 

40 

•750 

•778 

10 

•798 

•569 

45 

•742 

•816 

15 

•790 

•602 

50 

•734 

•856 

20 

•782 

•685 

55 

•726 

•897 

25 

•774 

•669 

60 

•718 

•940 

80 

•766 

•704 

65 

•710 

•984 

The  coefficient  of  resistance  for  a  tube  at  right  angles 
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to  the  side,  is  to  the  like  coefficient  when  it  makes  an 
angle  of  46  degrees  as  "508  to  '816,  or  as  1  to  1*6 
nearly ;  and  the  loss  of  head  is  greater  in  the  same 
proportion.  If  the  short  tube  be  more  than  three  or 
four  diameters  in  length,  friction  wiU  have  to  be  taken 
into  account.  The  head  h  is  measured  to  the  centre 
of  the  outside  orifice. 


FOBSfULA  FOR  FINDING  THE  TIME  THE  SURFACE  OF  WATER 
IN  A  CISTERN  TAKES  TO  SINK  A  GIVEN  DEPTH. — ^DIS- 
CHARGE FROM  ONE  VESSEL  OR  CHAMBER  INTO 
ANOTHER. — ^LOCK  CHAMBERS. 


E^^_^jil..?-^ 


In  experiments  for 
finding  the  value  of  the 
coefficients  of  discharge^ 
ouQ  of  the  best  methods 
is  to  observe  the  time 
the  water  discharged 
from  the  orifice  takes  ta 
sink  the  surface  in  a  prismatic  cistern  a  given  depth ; 
the  ratio  of  the  observed  to  the  theoretical  time  will 
then  give  the  coefficient  sought.  A  formula  for  finding 
the  time  is,  therefore,  of  much  practical  value.  In 
Fig.  29,  the  theoretical  time  of  falling  from  «  t  to  s  t,. 
in  seconds,  is 

in  which  a  is  the  area  of  the  orifice  o  r,  and  a  the  area 
of  the  prismatic  vessel  at  «  t  or  s  t  :  this  formula  is 
for  measures  in  feet.     For  measures  in  inches,  we  have 


(69). 


*  =  T8-9^{'^+-^*-''*}- 
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This  time  is  double  the  time  required  to  discharge 
the  same  quantity  if  the  head  at  the  orifice  remained 
constant. 

Example  VII. — A  cylindrical  vessel  5*74  inches  in 
diameter  has  an  orifice  '2  inch  in  diameter  at  a  depth 
of  16  inches  below  the  surface,  measured  to  the  centre  ; 
it  is  found  that  the  water  sinks  4  inches  in  51  seconds  ; 
what  is  the  coefficient  of  discharge  ? 

The  theoretical  time  t  is  found  from  equation  (69), 

equal    ^ 

5-74    X  -7854      ,,^^      ^^.,     32'9476, ,     ,  ,^,,, 
13>9  X  '2?  X  >7854^^^^^^^^}--^556-{^^«'^641} 

17-6566       ,^^^      ^,  ^  ,      ,  81-8       ^^, 

=    ,g^g     X  -5359  =  81-8  seconds ;  hence,-^  =:"624 

is  the  coefficient  sought.  When  the  orifice  o  r  and 
the  horizontal  section  of  the  vessel  are  similar  figures, 

-  is  equal  —-o ;   and  therefore,  for  circular  cisterns 

and  orifices,  it  is  unnecessary  to  introduce  the  multi- 
plier -7854. 

Formulae  for  the  time  water  in  a  prismatic  vessel 
takes  to  fall  a  given  depth,  when  discharged  &om  an 

Fig.  29a. 


orifice  at  the  side  or  bottom  are  given  above.     The 
time  the  surfEice  s  t,  diagram  1,  Fig.  29a,  takes  to  rise 
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to  «  ^  when  supplied  through  an  orifice  or  tube  o  r, 
from  an  upper  large  chamber  or  canal^  whose  sm&ce 

b'  t'  remains  always  at  the  same  level,  is~      ^^rs — >* 

and  thence  the  time  of  rising  from  b  to  s  for  measures 
in  feet  is 

and  for  measures  in  inches 

in  which  a  is  the  area  of  the  horizontal  section  at  s  t  ; 
a  the  sectional  area  of  the  communicating  channel  or 
orifice  o  R ;  o^  the  coefficient  of  discharge  suited  to  it, 
and  hi  and  /,  as  shown  in  the  diagram. 

In  order  to  find  the  time  of  filling  the  lower  vessel 
to  the  level  s  t,  supposing  it  at  first  empty,  the  contents 
of  the  portion  below  o  r  are  equal  to  aA^,  and  the  time 
of  filling  it  equal  to 

then  the  time  of  filling  up  to  any  level  s  t,  for  mea- 
sures in  feet,  is  equal  to  the  sum  of  (69a)  and  (69c) ; 
that  is, 

A(2^  +  Aa-2/JA4) 
~  8^025  c^ah\       , 

and  for  measures  in  inches 

*  The  time  of  rifling  firom  s  to  «  (diagram  1)  is  exactly  double  the 
time  it  wodd  take  to  fill  the  same  depth  helow  b,  if  the  pressure/ 
remained  uniform. 
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~         27-8  c^ahh         • 
When  s  t  coincides  with  8  t 

(6^-)  ^  -  8-025c^a/tf 

for  measures  in  feet,  and 

for  measures  in  inches.  These  equations  are  exactly 
suited  to  the  case  of  a  closed  lock-chamber  filled  from 
an  adjacent  canal. 

When  the  upper  level  s'  t'  is  also  variable,  as  in 
Diagram  2,  the  time  which  the  water  in  both  vessels 
takes  to  come  to  the  same  uniform  level  s'  i'  8  t,  which 
is  known  or  easily  found,  is 

'^  Cda(A+Ai)V^      c^a(A+Ai)V2g' 

in  which  hi  +  /i  —  A  =f+fi  is  the  difference  of  levels 
at  the  beginning  of  the  flow ;  Aj  the  horizontal  section 
of  the  upper  chamber ;  and  the  other  quantities  as  in 
Diagram  1.    As  Ai  ./i  =  Ai  ./,  then 

Now,  in  order  to  find  the  time  of  falling  a  given  depth 
/x  below  the  first  level  s'  t',  the  head  above  a'  f  8  t  is 
equal  to/i— /^  in  the  upper  vessel,  and  the  depth  below 

it  in  the  lower  vessel  is  equal  to     ^     ^         ;    whence 

the  difference  of  levels  in  the  two  vessels  at  the  end  of 
the  fall  dy  is 
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/l  -  d  +  ^^^ =  —^  (/i  -/J. 

The  time  of  falling  through  any  given  depth,  J^  is, 
therefore,  from  equation  (69h), 

„<,, , ,= .i±iif±ffi..  ''"■l(^0'-^--«}' 

rda(A  +  Ai)V2^  Cda(A+Ai)\/2flF 

-c,a(A+AOv^a^^-^^^      V i ^r 

When  /,  =/i  this  is  reduced  to  t=    ^Y^^^t^)5- 

<?da(A  +  Ai)V2^, 

and  farther  when  a  =  Ai  this  last  is  again  farther 

A       A  .    .            ^i/t*             1-4142  A,/, 
reduced  to  f  =  7=-  =  j-z — -.» 

in  which  V  2  ^r  =  8*025  for  measures  in  feet,  and 
equal  27*8  for  measures  in  inches.  The  whole  time  of 
filling  to  a  level  the  lower  empty  vessel,  is  found  by 
adding  the  time  of  filling  the  portion  below  n,  deter- 
mined in  a  manner  similar  to  equations  (68),  to  be 

to  the  time  of  filling  above  b,  given  in  equation  (69h), 
when  h  is  taken  equal  to  zero.  Equations  (69h), 
(69i),  and  (69k)  are  applicable  to  the  case  of  the  upper 
and  lower  chambers  of  a  double  lock,  after  making  the 
necessary  change  in  the  diagrams. 

The  above  equations  require  further  extensions 
when  water  flows  into  the  upper  vessel  while  also 
flowing  from  it  into  the  lower ;  such  extensions  are, 
however,  of  little  practical  value,  and  we  therefore 
omit  them.     For  sluices  in  flood-gates  with  square 
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arrises,  c^  may  be  taken  at  about  '645,  but  with  rounded 
arrises,  the  coefficient  will  rise  much  higher.  See 
Sections  III.  and  VL 


SLUICE  OPES. — ^FLOOD  AND  TIDAL  SLUICE  OPES. 

Equations  (41),  (42),  (43),  (48),  (49),  (50),  and  (51) 
give  the  discharge  from  sluice  opes  under  different 
circumstances  when  fully  open,  submerged,  or  partly 
submerged.  Rejecting  the  velocity  of  approach,  and 
measuring  the  depth,  ft  to  the  centre,  or  centre  of 
gravity,  of  the  orifice,  whose  area  is  a,  equation  (41),  be- 
comes, for  the  case  in  Fig,  12,  with  any  form  of 
section,  rectangular  or  circular,  entirely  open  and 
without  back  water. 

'D=:CdaV2flfA=8'025cda\/ft,forone second;  or 
D  =  481'5  (?d  a  VH,  for  one  minute  ;  or 
D=4'95  a  VXwhen  Cd=*617  in  one  second;  and 
0)  =  297  d  V^  in  one  minute. 
All  in  feet  measures. 

In  the  case.  Fig.  20,  in  which  the  sluice  is  covered, 
or   entirely  submerged,   then  the   discharge  in  one 
minute,  in  feet  measures,  equation  (48)  becomes  also 
(47a.)        d  =  60  (?d  a  VYgh  =  297  a  V  ft ; 
in  which,  however,  ft  is  now  the  difference  of  level 
between  the  surfaces  of  the  upper  and  lower  waters. 
If  Cd  be  taken  '582  instead  of  -617  then 
(47b.)  d  =  280  a  VX 

But  if  the  coefficient  nm  up  to  '712  then 
(47c.)  D  =  343  a  V'h. 

When  the   sluice-ope  is  partly  submerged,  as  in 


(4lA.) 
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Fig.  21,  putting  a^  for  the  area  of  the  open  portion 
and  Oa  for  that  portion  submerged,  then  for  time  in 
minutes,  equation  (50)  or  (51)  becomes       

(50&51A.)   D==60(cda2\/27fc  +  Cdai\/2(7 -|^^ 


=  297  (a    VT  + 


«.vA 


K\ 


2     ; 

for  Cd  =  '617  as  a  mean  value  in  both  a^  and  Oj.  It 
however  generally  differs  in  both.  For  a  coeflScient  of 
•582  it  becomes  

(50  &  51b0     d  =  280  (  o,  VX  +  Oi  ^JL+A)  . 
And  for  an  average  coefficient  of  '712  in  Ai  and  Aj  it  is 
(50  &  51c.)     D  =  343  (  oj  VT  +  ai  y/ A+JtJ  . 

In  these  formula  the  pressure  at  the  sluice  remains 
unchanged  and  the  acting  heads  constant. 

When  the  heads  vary.  The  general  differential 
equation  for  the  discharge,  whatever  be  the  law  of 
the  rise  and  fall, /is  evidently 

(70.)dD=Cda  V2^  X  dtVf=c^as/2^xdtVhi—h. 
The  integration  of  this  equation  depends  on  the  re- 
lation between  /  and  t.  For  the  ordinary  cases  of 
filling  prismatic  ponds  from  upper  levels  the  preceding 
equations  from  (68)  to  (69k)  may  be  used  as  follows  to 
find  D.  If  the  upper  surface  remain  at  the  same  level  as 
in  1,  Fig.  29a ;  while  the  surface  of  the  water  below 
rises  from  the  discharge  through  the  sluice,  and  if  the 
lower  pond  be  a  prism,  whose  horizontal  section  is  a, 
then  dividing  h  a,  tl^e  quantity  by  the  time  t  as  given 
in  equation  (69a),  the  average  discharge  in  average 
seconds  of  the  whole  time  t  is 
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,„^    ,  4-0125  Cd  a  ft       .    ,  ^     .,      . 

(7Ua.)      d  =      r  1  __  /-I —  •     And  for  the  time  t ; 

4-0125  Cdfc< 

which  are  independent  of  the  area  a  of  the  lower 
vessel.     When  h  —  hi  then/  =  o  and  this  becomes 
(70b.)  d  =  4-0125  Cd  a  W  «  =  A  Ai 

which  is  exactly  one-half  wJiat  it  wonld  be  in  the  same 
time  if  the  head  hi  remained  consta/nt,  h  =  0,  and  there- 
fore the  lower  level  not  rising  higher  than  o  r. 

If  the  lower  level  remain  imchanged  and  the  upper 
varies,  then,  calling  the  section  of  the  upper  prism  Ai, 
the  diflFerence  of  level  hi,  and  /the  fall  in  the  time  t, 
the  average  discharge  in  one  second  is  found  in  a 
similar  manner  to  be 

.^r.   X  4-0125  Cd  a  /        ,    ,  ^      ,      . 

(70c.)      D  =  ,  1  _  /fe^  —  f\i •     ^^^  "^r  the  tmie  t ; 

__  4-0125  Cd  a /t_. 
^-Ai— (fe^_/)4-/Ai, 

when/  =  hi  this  is  reduced  to 
(70d.)  d  =  4-0125  c^ah\t  =  hiAi 

the  whole  discharge  in  the  time  of  falling  through  hi. 
In  fact  the  values  (70b)  and  (70d)  for  the  relations 
between  the  time,  discharge,  and  head  are  the  same, 
when  either  level,  above  or  below,  is  fixed  and  the 
water  rises  or  falls  in  the  prismatic  pond.  When  the 
pond  or  cistern  is  of  any  irregular  shape  and  section 
the  contents  can  be  divided  by  horizontal  sections  into 
any  suitable  number  of  parts  of  equal  height,  when  the 
whole  time  of  filling  or  emptying  will  be  the  sum  of 
the  times  calculated  for  each  horizontal  lamina,  and 

K  2 

Digitized  by  (^OOQ IC 


180  THE  DISCHARQE  OF  WATER  FROM 

the  greater  the  numher  of  lamina  the  more  correct  the 
result. 

When  the  levels  of  both  ponds  vary  by  the  water 
passing  from  one  into  the  other,  diagram  2,  Fig.  29a. 
Measuiing/and/i  from  the  common  level  and  calling 
/j  the  height  fallen  in  any  time  t,  then  from  equation 
(69i)  by  dividing  into/,  A  and  multiplying  by  t 

CdaA*(A  + Ai)  ^J  ^gf^t 
(70e.)d=2^|^^(^^^^)jj_^(^^^^(^^_^jjjJ=/xA|. 

When/x^  =  /i  and  the  water  is  one  level  in  both  ponds 

this  becomes 

ni\^  \      T^  -  ^d  «  (A  +  Ai)  \/2^i  t  _ 

(70f.)     d  -  2a(/  +  /i)4 ^^  ^^• 

And  when  a  is  infinitely  large,  ft  and  /  =  0  this  is 
farther  reduced  to 

(70g.)  d  =  -^     ^  2       =  -^1  ^1 

as  it  should  be.    In  each  of  the  last  three  equations 

the  factor  — ^"^  ~  4*0125  for  feet  measures.    It  may 

be  £aid  of  these  formulsB  that  the  product /^  Ai,  or/i  Ai, 
gives  the  quantity  at  once,  but  in  many  problems /«  /i 
and  t  have  to  be  found  from  each  other. 
Assuming  the  form  of  the  ordinary  formula 
D  =  Cd  a  V2^/i  =  8-025  e^  a  sTJi 
in  one  second,  or  481*5  c^  a  V^in  one  minute  for  a 
steady  head/^.   Then  for  a  variable  head  as  in  Fig.  29, 
and  1  Fig.  29a,  the  time  of  discharging    a  given 
quantity  is  doubled:    or,  which  is  the  same  thing, 
the  coefficient  c^  becomes  now  *5  c   in  the  first  form. 
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In  the  case  of  two  equal  ponds  equation  (70f)  would 

become  

D  =  -707  Cd  a  V2  5f/i  x  t, 
and  the  time  1*4142  times  that  required  to  discharge  a 
quantity  equal  to/i  A  with  an  invariable  head/i.    But 
as  the  head  at  the  beginning  was  /i  +  /  =  2/i  if  this 
latter  head  were  used,  the  quantity  being  the  same^ 


or  a  little  over  one-sixth  of  what  it  would  be  if  the 
head  at  the  beginning  2/i,  remained  invariable  for  the 
same  time  t. 

FLOOD  AND  TIDAL   SLUICES. 

The  opes  for  these  are  intended  for  the  drainage  of 
low  embanked  lands.  They  are  fitted  with  gates,  or 
doors,  generally  hung  on  their  upper  side  and  self- 


acting  so  as  to  shut  when  the  outside  water  rises  over 
the  inside  level,  and  to  open  when  it  sinks  to  or  below 
it,  so  as  to  pass  off  the  inside  water.  The  effective 
head  is  reduced  during  the  time  the  water  takes  to 
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rise,  between  the  bottom  of  the  aperture — or  low 
water  if  over  the  aperture, — and  the  inside  level  of  the 
water  on  the  lands.  During  the  time  of  fall  a  like 
reduction  takes  place  ;  and,  therefore,  the  discharging 
power  of  the  sluice  is  considerably  reduced.  The  re- 
lations between  the  times  and  the  heads  risen  or 
fallen  through  being  known,  the  integration  of  equation 
(70)  can  be  effected  directly  or  by  approximation,  h 
being  any  function  of  t.  AVhen  the  rise  or  fall  of  the 
flood  is  ever3rwhere  proportionate  to  the  time,  as  in 
H  L  I,  diagram  8,  Fig.  29b  ;  where  h  l  represents  the 
fall  and  h  i  the  time ;  then  in  diagrams  1  and  2,  if  ^ 
be  the  time  of  rising  through  h  -\-  f  =  hi,  the  time  of 

rising  through  ^  is  t-  and  integrating  equation  70 
accordingly, 

(70a.)  d  =  3-^Cd  ^  V  2gh; 

for  the  discharge  in  the  time  of  rising  through  h,  which 
when  hi  =^  h  becomes 

(70b.)    j>  =  ^c^ta  y/^ghi  =  -667  c^  t  a  V 2^. 
The  coefficient  c^  is  therefore  reduced  one-third  when 
hi=f,  when  hi  =  2 /or  at  half  flood,  andindeedthrough- 

2cd 
out  ^1,  for  either  diagram  1  or  2,  the  coefficient  -q- 

remains  constant.  The  gate  or  door  at  o  is  supposed 
shut  in  the  time  of  rising  and  falling  through  /i  and  fully 
open  in  the  time  of  rise  or  fall  through  h  +  f  =  hi. 
When  not  fully  open  the  discharge  becomes  still  further 
reduced. 

Tides. — If  the  whole  fall  h  l  be  that  of  a  tide  from 
high  to  low  water,  then  on  the  assumption  that  when 
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n  ti  Oi  L  is  the  arc  of  a  semicircle  it  represents  time,  t,  of 
rising  or  failing  through  h  l,  the  time  of  rising  through 

0  L  is  represented  by  the  arc  l  Ot,  and  the  time  of  rising 
through  T  o  by  the  arc  oj  t^  the  direct  integration  of 
equation  (70),  which  then  becomes  by  reduction 

(70c.)  dD=Cd  a  V2  7x  d  t^  \/h  -  ^^^^^{  1  -  COS.  ^^^) 

in  which  <h  is  the  time  of  rising  through  h ;  and  — ^ — ^' 

the  semirange  of  the  tide,  gives  the  discharge.  Putting 
the  angle  l  Oi  Oi  =  ^  this  may  be  changed  into 

—         T                   /         h\'\-f\~ 
(70i>.)^i>=<^d«V25fX  jqqo  xde\/hi ^{l-cosO), 

Q 

Or  as  it  can  be  otherwise  expressed,  putting  2  sin.^  ^  ^^^ 

1  —  cos  0 

t 

2 

The  integration  of  any  of  these  forms  can  only  be 
effected  approximately.  With  tides  from  20  feet  to 
6  feet,  inside  heights,  or  values  of  h^,  from  14  feet  to 
1  foot,  and  times  of  rising  through  those  heights  from 
235  to  53  minutes,  Mr.  Cotton  calculated  the  co- 
efficients from  ('70e)  and  foimd  them  to  vary  from 
'748  to  '785.  If  applied  to  the  common  form  these 
give 

(70f.)        d  =  (-748  to  -785)  c^  t  a  s/  2  g  h^, 
ioT  the  discharge  within  the  limits  of  the  calculations. 
These  "  tidal  coefficients,"  as  I  shall  call  them,  are 
too  high  for  most  cases  occurring  in  practice,  and  re- 
quire the  sluice  to  be  placed  at  or  below  low  water  of  a 
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6h.  13m.  tide,  as  in  diagram  1,  Fig.  29b.  The  fall 
and  rise  of  the  tide  at  the  end  of  the  ebb  and  begin- 
ning of  the  flow  would,  for  several  minutes,  be  prac- 
tically nothing,  and  the  coefficient  would  then  be 
unity,  which  is  the  limit  for  a  very  small  value  of  h 
at  low  water  in  diagram  1.  At  semirange  for  a  small 
rise  A,  and  an  orifice  placed  there,  the  rise  would  be  as 
the  times  and  the  coefficient  would  be  '667;  both 
giving  *833  for  an  arithmetical  mean,  which  is  evi- 
dently too  high,  as  the  coefficient  imity  holds  only  for 
a  comparatively  small  height.  If,  however,  in  dia- 
gram 2,  Fig.  29b,  the  sluice  or  mouth  of  the  culvert 
be  high  up,  and  near  below  the  semirange  of  the  tidal 
wave,  which  is  the  more  common  case  in  practice,  then 
the  coefficient  would  reduce  to  f  =  *%&1  for  its  limit. 
All  this  supposes  the  surface  of  the  inside  water  or 
reservoir  at  t  in  both  diagrams  to  remain  constant, 
and  as  it  should  reduce  something  in  the  outflow  until 
the  tide  rises  for  some  height  up  hy  there  is  still  a 
greater  reason  for  selecting  f  rds.  or  the  minimum  co- 
efficient of  the  range,  and  to  represent  the  discharge 
from  a  tidal  sluice  fully  open  by 

(70g.)    d  =  f  Cd  a  s/^ghi  X  t=  5*35 c^  a  VTi  x  t, 
for  feet  measures  and  time  in  seconds ;  or 
(70h.)  d  =  821  Cd  a  V  A^  x  t 

for  measures  in  feet  and  time  in  minutes. 

The  value  of  c^  is  best  taken  from  the  table  cal- 
culated from  equation  (74b),  Section  VIII.  If  the 
length  of  the  culvert  ♦  or  pipe  under  an  embankment  at 

*  The  orifice  0  is,  in  practice,  generally  a  pipe  or  culvert  of  some 
length  built  under  an  embankment. 
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the  mouth  of  which  the  sluice  is  placed  be  20  diameters 
or  80  mean  radii  c^  =  'TSl  then  (70a)  becomes 

(70i.)  D  =  234-6  a  VH^  x  t. 

If  the  length  of  the  culvert  be  40  diameters  or  160 
mean  radii  then  c^'  =  '668  and  the  discharge  would  be 
(70k.)  d  =  214  a  VIT  x  t. 

And  for  a  coefficient  of  '623 
(70l.)  d  =  200  a  sHh  X  t. 

The  time  of  rise  or  fall  of  the  tide  may  be  taken  at 
6h.  13m.  in  diagram  1,  and  the  time  of  rising  through 
hi  be  represented  by  the  arc  l  Oj  tj,  diagram  8,  but  in 
diagram  2  the  time  corresponding  to  hi  is  the  arc  Oi  fi* 
For  a  uniform  rise  these  times  would  be  represented 
by  1 1,  and  i  o. 

Sluice-doors  when  self-acting  should  open  fully  so 
as  to  be  free  above  the  top  of  the  ope ;  and  not  to  fall 
below  it  until  the  rising  water  is  at  the  level  of  the 
surface  of  the  inside  reservoir ;  when  it  should  shut  if 
well  constructed.  They  hang  in  the  greater  number 
of  executed  works  at  an  angle  6,  with  the  vertical 
which  varies  with  the  force  of  the  outflow.  The  aper- 
iioxe,  a,  in  this  case  is  no  longer  the  cross  section  of 
the  culvert,  but  the  orifice  now  may  be  supposed  as 
made  up  of  a  plane  the  width  of  the  culvert,  at  right 
angles  to  the  door,  equal  to  a  sin.  d,  having  two  vertical 
triangular  open  cheeks  of  the  height  of  the  culvert  one 
on  each  side,  between  the  vertical  plane  on  the  sloping 
door  and  the  top.  These  triangular  cheeks  vary  in 
area  from  zero  to  their  maximum  value,  which  is  when 
the  door  hangs  at  an  angle  of  45^  If  the  door  be  set 
back  in*  the  culvert  these  cheeks  are  stopped  and  the 
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outlet  becomes  a  sin.  0.  Further  formulae  for  such 
contractions  would  be  mere  waste,  practically  con* 
sidered ;  and  they  are  therefore  not  given.  A  good 
sluice  gate,  with  its  mountings,  from  the  axis  of 
suspension  downwards,  should  have  the  same  specific 
gravity  as  the  outside  water,  should  act  in  a  cistern  so 
as  to  be  entirely  immersed  at  all  times,  and  the  centre 
of  pressure  a  little  below  the  centre  of  gravity.  But 
this  is  no  place  for  questions  of  construction,  or  the 
application  of  hydrodynamical  principles  to  them.  If 
the  object  were  to  calculate,  at  first,  the  sectional  area 
of  a  culvert  required  for  a  given  discharge  it  should 
not  be  made  less,  in  practice,  than  double  those  easily 
derived  from  the  above  formulae,  which  would  vary 
with  the  ratio  of  the  lengths  to  the  hydraulic  mean 
depth  of  the  culvert. 

In  these  sluices,  flood  or  tidal,  the  time  of  rising 
and  falling  through  fi  is  lost  in  each  flood,  or  in  each 
tide ;  but  as  sea  water  is  more  dense  than  fresh  water 
the  time  lost  is  a  little  more.  There  is  also  a  back 
leakage  through  the  sluice  when  shut.  When  the 
sluice  can  be  placed  at  or  below  low  water  springs 
there  is  an  advantage  if  not  overbalanced  by  the 
expense  ;  but  in  general  it  is  sufficient  to  place  it  at  or 
below  the  low  water  in  the  tail-race  which,  itself,  must 
have  a  surface  fall  to  the  low  water  of  neap  and  spring 
tides  along  the  shore,  if  it  be  of  any  length.  Other- 
wise, unless  artificially  constructed  and  covered  over, 
it  would  fill  in.  The  range  of  the  tide  varies  consider- 
ably even  in  the  same  place  from  the  lowest  neaps  to 
the  highest  springs.  The  mid-tide  is  nearly  constant 
and  the  velocity  of  ebb  and  flow  indicated  by  change  of 
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level  is  then  a  maximum  for  each  tide.  For  30  degrees 
on  each  side  comprising  the  time  of  falling  through 
the  central  half  of  the  whole  range  the  times,  diagram  3, 
are  nearly  as  the  changes  of  level.  In  the  remaining 
half  range,  comprising  one  quarter  above  and  the  other 
quarter  below,  the  relation  is  more  complex,  and  varies 
with  time,  wind,  and  weather.  In  Dundalk  I  have 
known  two  high  waters  within  a  few  hours  of  each 
other,  the  first  ebb  having  commenced  and  continued 
for  some  time  imtil  it  was  stopped  by  a  return  flow. 
Hence,  in  order  to  estimate  approximately  the  dis- 
charge from  a  tidal  sluice,  we  must  calculate  the 
discharge  for  each  tide  and  each  day,  suitable  to  dia- 
gram 1  'or  diagram  2 ;  noting  that  as  the  range 
varies  from  springs  to  neaps  so  must  the  head,  /ii, 
when  the  surface  at  t  of  the  backwater  remains  con- 
stant. It  is  necessary  to  keep  this  surface  at  all  times 
from  twelve  to  eighteen  inches  at  least  below  the  ad- 
jacent lands,  and  more  if  the  element  of  expense 
permits.  This  level  regulates  the  depth  and  size  of 
the  sluice  or  sluices. 

Self-acting  sluices  can  be  hung  on  vertical  as  well 
as  horizontal  axes.  When  at  the  surface,  for  weirs 
across  rivers,  the  centre  of  pressure  for  crest  sluices  is 
at  two-thirds  of  the  depth  below  the  surface.  As  the 
water  falls  below  the  top  so  does  this  centre ;  but  it 
can  never  rise  higher  than  half  the  depth,  the  position 
when  most  deeply  immersed.  The  position  of  the 
horizontal  axis  of  such  sluices  lies  therefore  below  the 
middle,  and  is  regulated  by  the  circumstances  of  each 
case,  which  are  referred  to  farther  on. 
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SECTION  vm. 

PLOW   OP   WATER  IN   UNIPORM   C3HANNELS. — ^MEAN  VELO- 
CITY.— MEAN  RADn  AND  HTDBAULIC  MEAN  DEPTHS. 

— BORDER. — TRAIN.  —  HYDRAULIC  INCLINATION. 

EPFECTS  OP  MICTION. — ^PORMULiB  POR  CALCULAT- 
ING THE  MEAN  VELOCITY. — ^APPLICATION  OP  THE 
PORMUIiiE  AND  TABLES  TO  THE  SOLUTIONS  OF 
THREE  USEPUL  PROBLEMS. 

In  rivers  the  velocity  is  a  maximum  along  the  central 
line  of  the  surface,  or,  more  correctly,  over  the  deepest 
part  of  the  channel;  and  it  decreases  thence  to  the 
sides  and  bottom :  but  when  backwater  arises  from  any 
obstruction,  either  a  submerged  weir,  Fig.  22,  or  a 
contracted  channel,  Fig.  28,  the  velocity  in  the  channel 
approaching  the  obstruction  is  a  maximum  at  the 
depth  of  the  backwater,  below  the  surface,  and  it  de- 
creases thence  to  the  surface,  sides,  and  bottom. 
When  water  flows  in  a  pipe  of  any  length,  the  velocity 
at  the  centre  is  greatest,  and  it  decreases  thence  to  the 
sides  or  circumference  of  the  pipe.  If  the  pipe  be 
supposed  divided  into  two  portions  in  the  direction  of 
its  length,  the  lower  portion  or  channel  will  be  analo- 
gous to  a  small  river  or  stream,  in  which  the  velocity 
is  greatest  at  the  central  line  of  the  surface,  and  the 
upper  portion  will  be  simply  the  lower  reversed.  A 
pipe  flowing  full  may,  therefore,  be  looked  upon  as  a 
double  stream,  and  it  will  soon  appear  that  the  formulse 
for  the  discharge  from  each  kind  are  all  but  identical. 
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though  a  pipe  may  discharge  full  at  all  inclinations, 
while  the  inclinations  in  rivers  or  streams,  having  uni- 
form motion,  never  exceed  a  few  feet  per  mile. 

MEAN   VELOCITY. 

It  is  found,  by  experiment,  that  the  mean  velocity  is 
nearly  independent  of  the  depth  or  width  of  the  chan- 
nel, the  central  or  maximum  velocity  being  the  same. 
From  a  number  of  experiments,  Du  Buat  derived 
empirical  formulse  equivalent  to 

in  these  equations  v  is  the  mean  velocity,  v  the  maxi- 
mum surface  velocity,  and  v^  the  velocity  at  the  sides, 
or  bottom,  expressed  in  French  inches.  Tables  cal- 
culated from  these  formuleB  do  not  give  correct  results 
for  measures  in  English  inches,  though  they  are  those 
generally  adopted.  Disregarding  the  difference  in  the 
measures,  which  are  as  1  to  1*0678,  it  will  be  found 
that,  in  the  generality  of  channels,  the  mean  velocity 
is  not  an  arithmetical  mean  between  the  velocity  at  the 
central  surface  line  and  that  at  the  bottom,  though 
nearly  so  between  the  mean  bottom  and  mean  surface 
velocities.  Dr.  Young,*  modifying  Du  Buat's  for- 
mula, assumes  for  English  inches  that  t;  -f-  v*  =  v, 

and  hence  t?  =  v-hj  —  (v-h  J)*.  This  gives  results 
very  nearly  the  same  as  the  other  formula  for  t;,  but 
something  less,  particularly  for  small  surfsu^e  velocities. 
For  instance,  Du  Buat's  formula  gives  '5  inch  for  the 
mean  velocity  when  the  central  surface  velocity  is  1 

*  Philosophical  TraxiBactions,  1808,  p.  187. 

Digitized  by  VjOOQ  IC 


190  THE  DISCHARGE  OF  WATER  FROM 

inch,  whereas  Dr,  Young's  makes  it  '98  inch.  For 
large  velocities  both  formul«e  agree  very  closely,  dis- 
regarding the  difference  between  the  measures,  which 
is  only  seven  per  cent.  They  are  best  suited  to  very 
small  channels  or  pipes,  but  unless  at  mean  velocities 
of  about  S  feet  per  second,  they  are  wholly  inappUcable 
to  rivers. 

Prony  found,  from  Du  Buat's  experiments,  that  for 

(2*87187  4-  v\ 
Iv,  in  which  vis 

also  the  maximum  surface  velocity.     This,  reduced  for 
measures  in  English  feet,  becomes 
(71)  ^._/ 7-788   +y\   .^ 

and  for  measures  in  English  inches, 

For  medium  velocities  v  =  *81  v.  The  experiments 
from  which  these  formulae  were  derived  were  made  with 
small  channels.  The  author  has  calculated  the  values 
of  V  from  that  of  v,  equation  (71a),  and  given  the  re- 
sults in  columns  8, 6,  and  9  in  Table  VII.  Ximenes, 
Funk,  and  Briinning's  experiments  in  larger  channels 
give  the  mean  velocity  at  the  centre  of  the  depth  equal 
•914  V,  when  the  central  or  maximum  surface  velocity 

♦  Francis,  Lowell  Experiments,  p.  150,  finds  this  formula  to  give  15 
per  cent,  less  than  the  result  found  by  weir  measurement  from  the 
formula  d  =  3*83  {I  —  '1  n  h)  hf,  the  quantity  dischai^^^  being  about 
250  cubic  feet  per  second,  and  the  velocity  about  8*2  feet.  It  appears, 
however,  that  Francis  uses  the  mean  surface  velocity,  and  not  the 
maximum  surfeice  velocity  required  by  the  formula  :  if  the  latter  were 
used,  the  difference  would  be  reduced  to  6  per  cent.,  or  thereabouts,  in 
equation  (72). 
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is  V ;  but  as  the  velocity  also  decreases  in  nearly  the 
same  ratio  at  the  surface  from  the  centre  to  the  sides 
of  the  channel,  we  shall  get  the  mean  velocity  in  the 
whole  section  equal  '914  X  '914  v  —  'SSS  v;  and 
hence,  for  large  channels, 
(72.)  V  =  -836  V, 

in  which  equation  v  is  the  nuiximum  velocity  at  the 
surface.  The  author  has  also  calculated  the  values  of 
V  from  this  formula,  and  given  the  results  in  columns 
2,  5,  and  8  of  Table  VII,  This  table  will  be  found 
to  vary  considerably  from  those  calculated  from  Du 
Buat's  formula  in  French  inches,  hitherto  generally 
used  in  this  country,  and  much  more  applicable  for  all 
practical  purposes. 


MEAN    RADIUS. — HYDRAULIC   MEAN    DEPTH. — ^BORDER, — 
COEFFICIENT  OF  FRICTION. 

If,  in  the  diagrams  1  and 
2,  Fig.  80,  exhibiting  the 
sections  of  cylindrical  and 
rectangular  tubes  filled  with 
flowing  water,  the  areas  be 
divided  respectively  by  the 
perimeters  a  c  b  d  a  and  a  b  d  c  a,  the  quotients  are 
termed  **  the  mean  radii"  of  the  tubes,  diagrams  1  and 
2;  and  the  wetted  perimeters  in  contact  with  the  flowing 
water  are  termed  **  the  borders.*^  In  the  diagrams  8 
and  4,  the  surface  a  b  is  not  in  contact  with  the  chan- 
nel, and  the  width  of  the  bed  and  sides,  taken  together, 
A  c  D  B,  becomes  **  the  border."  **  The  mean  radius  '* 
is  equal  to  the  area  a  b  d  c  a  divided  by  the  length  of 
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the  border  a  c  d  b.  "  The  hydraulic  mean  depth''  is 
the  same  as  **  the  mean  radkoAy'  this  latter  term  being 
perhaps  most  applicable  to  pipes  flowing  full,  as  in 
diagrams  1  and  2;  and  the  former  to  streams  and 
rivers  which  have  a  surface  line  a  b,  diagrams  8  and  4. 
Throughout  the  following  equations,  the  value  of  the 
*' mean  radius,"  "hydraulic  mean  depth,"  or  quotient, 

f  ^ *  is  designated  by  the  letter  r,  remarking 

border  b  d  c  a  o  ^  © 

here  that  for  q^lindri^cal  pipes  flawing  fuU,  or  rivers 

with  semicircular  beds,  it  is  always  equal  to  half  the 

radius  f  or  one-fourth  of  the  diameter. 

Du  Buftt  was  the  first  to  observe  that  the  head  due 

to  the  resistance  of  friction  for  water  flowing  in  a 

uniform  channel  increased  directly  as  the  length  of  the 

channel  I,  directly  as  the  border,  and  inversely  t  as  the 

*  M.  Girard  has  conceived  it  necessary  to  introduce  the  coefficient 
of  correction  1*7  as  a  multiplier  to  the  border  for  finding  r,  to  aUow 
for  the  increased  resistance  from  aquatic  plants ;  so  that,  according  to 
his  reduction, 

area 
^  =  1-7  bonier' 

See  Rennie's  First  Report  on  Hydraulics  as  a  branch  of  Engineering  ; 
Third  Report  of  the  British  Association,  p.  167  ;  also,  equation  (85), 
p<»  216.  The  Author  has  known  cases  in  very  irregular  nhi^nwAlg  in 
which  for  this  sort  of  correction 

area 
^  ~  4  border' 
In  other  words,  where  the  velocity  found  from  the  common  formula, 
from  the  fall  per  mile,  required  to  be  reduced  one-half  to  find  the 
actual  mean  velocity. 

t  Pitot  had  previously,  in  1726,  remarked  that  the  diminution 
arising  from  friction  in  pipes  is,  casteris  paribus,  inversely  as  the 
diameters. 
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area  of  the  cross-flowing  section,  very  nearly ;  that  is, 
as  -.  It  also  increases  as  the  square  of  the  velocity, 
nearly ;  therefore  the  head  due  to  the  resistance  must 


be  proportionate  to 


^.     UctX  ^  =  A„then  c, 
igr  '      2gr 

is  the  coefficient  for  the  head  due  to  the  resistance  of 

friction,  as  &  is  the  head  necessary  to  overcome  the 

friction  at  the  given  velocity ;  Cf  is  therefore  termed 

"  the  coefficient  of  friction.'*    It  is  found  to  increase  as 

the  velocity  decreases. 


HYDRAULIC  INCLINATION. — TRAIN. 

If  I  be  the  length  of  a  pipe  or  channel,  and  hf  the 
height  due  to  the  resistance  of  friction  of  water  flowing 

in  it,  then  ^  is  the  hydraidic  inclination.     In  Fig.  31 
the  tubes  a  b,  c  d,  of  the  same  length  2,  and  whose 


^— -^^^^^^t^^s 

J 

* 

"■¥  Fiff.3l 

H 

1              D 

jirijg^^^^^ 

discharging  extremities  b  and  d  are  on  the  same  hori- 
zontal plane  b  d,  will  have  the  same  hydraulic  inclina- 
tion and  the  same  discharge,  no  matter  what  the  actual 
inclinations  or  the  depth  of  the  entrances  at  a  and  o 
may  be,  if  they  are  of  the  same  kind  and  bore ;  and  as 
the  velocities  in  a  b  and  c  d  are  the  same,  the  height 

0 
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h  due  to  them  must  be  the  same  when  the  circumstances 
of  the  orifices  of  entry  a  and  c  are  alike.  The  whole 
head  ibu  =  h  +  hf  (see  pp.  161  and  162,  &c.)  The 
hydraulic  inclination  is  not  therefore  the  whole  head  h, 
divided  by  the  length  I  of  the  pipe,  as  it  is  sometimes 
mistaken  for,  but  the  height  hf  (found  by  subtracting  the 
height  ft,  due  to  the  entrance  at  a  or  c,  and  the  velo- 
city in  the  pipe,  from  the  whole  height)  divided  by  the 
length  l.  When  the  height  ft  is  very  small  compared 
with  the  head  ftf  due  to  friction,  or  to  the  whole  height 
H,  as  it  is  in  very  long  tubes  with  moderate  heads ; 

-  may  be  substituted  for  -j  without  error;  but  for  short 

pipes  up  to  1000  diameters  in  length  the  latter  only 
should  be  used  in  applying  Du  Buat's  and  some  other 
formulse,  which  only  allow  for  the  head  due  to  friction ; 
otherwise  the  results  will  be  too  large,  and  only  fit  to 
be  used  approximately  in  order  to  determine  the  height 
ft  from  the  velocity  of  discharge  thus  found.  "When 
the  horizontal  pipe  c  d.  Fig.  82,  is  equal  in  every  way 


to  the  inclined  pipe  a  b,  and  the  head  at  a  is  that  due 
to  the  velocity  in  c  d,  the  discharge  from  the  pipe  a  b 
will  be  equal  to  that  from  c  d  ;  but  a  peculiar  property 
belongs  to  the  pipe  a  b  in  the  position  in  which  it  is 


Digitized  by  VjOOQ  IC 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS.  195 

here  placed ;  for  if  it  he  cut  short  at  any  point  e,  or 
lengthened  to  any  extent,  to  e,  the  discharge  will  remain 
the  same  and  equal  to  that  through  the  horizontal  pipe 
c  D.  The  velocity  in  a  b  at  the  angle  of  inclination 
ABC,  when  a  c  =  fef ,  and  a  b  =  c  d,  is  therefore  such 
that  it  remains  unaffected  by  the  length  a  e  or  a  e,  to 
which  it  may  be  extended  or  cut  short ;  and  at  this  in- 
clination the  water  in  the  pipe  ab  is  said  to  be  **in 
train.**  In  like  manner  a  river  or  stream  is  said  to  be 
"in  train**  when  the  inclination  of  its  surface  bears 
such  a  relation  to  the  cross  section  that  the  mean 
velocity  is  neither  accelerated  nor  retarded  by  the  length 
of  the  channel ;  and  it  can  be  perceived  from  this  that 
the  acceleration  that  would  be  caused  by  the  inclination 
is  exactly  counterbalanced  by  the  resistances  to  the  motion 
ichen  the  moving  water  in  a  pipe  or  river  channel  is  in 
train. 

Some  writers  and  engineers  appear  to  confound  the 
inclination  of  a  pipe,  simply  so  called,  or  the  head 
divided  by  the  length,  with  the  hydraulic  inclination  ; 
and  consequently  have  fallen  into  error  in  applying 
such  of  the  known  formulae  as  take  into  consideration 
only  the  head  due  to  the  resistance  of  friction.  When 
pipes  are  of  considerable  length,  and  the  water  is 
supplied  from  a  reservoir  at  one  end,  the  iuclination, 
foimd  as  above,  and  the  hydrauhc  inclination,  may  be 
taken  equal  to  each  other  without  sensible  error ;  but 
for  shorter  pipes,  of  say  up  to  800  or  1000  diameters 
long,  the  greater  number  of  formulae,  as  Du  Buat's 
and  others,  do  not  directly  apply ;  and  it  is  necessary 
to  take  into  consideration  the  head  due  to  the  orifice 
of  entry,  the  velocity  in  the  tube,  and  also  to  the 

0  2 

Digitized  by  VjOOQ  IC 


l96  TEE  DISCHARGE  OF  WATER  FROM 

impulse  of  supply  when  there  are  junctions.  These 
separate  elements^  and  their  effects,  will  be  now  con- 
sidered ;  but  it  will  be  of  use  to  refer  a  little  &rther 
on  to  some  experiments,  and  the  imperfect  application 
of  formulae  to  them,  first  premising  that  a  pipe  may  he 
horizontal^  or  even  turn  upwards^  and  yet  have  a  con- 
siderahle  hydraulic  inclination. 

As  A  =  (1  +  c,)  o-~  where  c,  is  the  coefficient  of 

the  height  due  to  the  resistance  at  the  orifice  of  entry 

A  or  c,  and  hf  =  Cf  5 — 1>  therefore 

1^  Iv^      /  l\  t^ 

(73.)    H  =  (1  +  c,)-2^  +  c,  X ^^=(1  +  ^r+c,-J2-^, 

and  hence  the  mean  velocity  of  discharge  is  found 
to  be 

(74.)  v  =  \ r^-^-^ 


l  +  c.  +  ct~j       ^(H.c,)l+i 


or. 


C     2gH     -^l      (    2.(7 nr    -> 
(74a.)      v=  \i    ,l).=\    r  _^      ,J-: 

asc3  =  ^-:^,  equation  (65).    Also  this  last  equation 
by  another  change  of  form  becomes 


(74b.)      v  =  V  2  ^  H  X 


*  See  equations  (152)  and  (152a)  for  a  still  more  general  expression 
for  the  velocity ;  and  page  229,  for  the  value  of  ct  suited  to  various 
velocities. 
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the  values  of  the  second  member  on  the  right-hand 
side  of  this  equation,  or  of 


{if  "4 


are  given,  for  different  values  of  Cf ,  c^,  and  ^  in  the 

small  table  at  p.  146,  and  below  at  p.  199. 

When  h  is  small  compared  with  hi,  or,  which  comes 

to  the  same  thing,  1  +  c,  small  compared  with  Ct  x  - 

(75.)  K  =  ctx  —^ 

and 

I 
(76.) 


-m 


In  the  last  equation,  if  «  be  substituted  for  7 ,  equal 
the  sine  of  the  angle  of  inclination  a  b  c,  then 

(77.)  «={'-?-•}• 

The  average  value  of  c,  for  all  pipes  with  straight 
channels,  with  velocities  of  about  1*5  foot  per  second, 
may  be  taken  at  '0069914,  from  which  equation  (77) 
becomes,  for  measures  in  feet, 

(78.)  t?  =  96  V77. 

As  the  mean  value  of  the  coefficient  of  resistance  c, 
for  the  entrance  into  a  tube  is  '508,  and  as  2  y 
=  64-408,  and  c,  =  -0069914,  equation  (74),  for 
measures  in  feet,  becomes 
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64-403  H  -V I 


(79.) 


{64-403  H  \  I 

1-508  + -0069914- 1' 

_    f HT )  J 

^  '^  t   •0234r+ -0001085  Z  j   ' 

^  =  ^^  {  234r+ 1-085  z}"'^^ 
t;  =  50| 


or 


58d-fl-085ZJ   • 

This,  multiplied  by  the  section,  gives  the  discharge. 

For  velocities  between  2  and  2J^  feet  per  second,  c, 
=  '0064403,  and  therefore 

—  /-         ^^  1 1  f     Hd     )  1 

^  -  |-0234r  +  -0001ZJ    -^"|58d  +  Zj* 
in  which  d  =  4  r  :=  diameter  of  a  pipe. 

The  following  table  is  calculated  from  equation 
(74b)  Jot  a  velocity  of  dbout  20  feet  per  second,* 
when  Ci  =  -004556,  and  for  different  orifices  of  entry, 
in  which  c^  varies  from  -986  for  a  rounded  orifice,  to  "715 
when  the  pipe  projects  into  the  vessel.  It  gives  directly 
the  coefficient,  which,  multiplied  by  V  2  flr  h,  gives 
the  velocity  in  the  pipe,  taking  friction  into  account. 

The  small  table  Section  VI.,  p.  146,  gives  the  like 
coefficients  of  V  2  ^  h  in  equation  (74b),  when  c,  = 
'00699  suited  to  a  velocity  of  about  18  inches  per 
second,  and  can  be  applied  in  like  manner.  The  value 
of  V  2  ^  H  is  given,  in  inches,  in  column  2,  Table  II. 
For  feet  it  is  equal  8  Via  nearly. 

Mr.  Provis's  valuable  experimentst  with   IJ^-inch 

♦  See  p.  U6. 

t  Transactions  of  the  Institution  of  Civil  Engineers,  vol.  ii.  pp.  201 
—210. 
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Values  op 


FOR  VELOCITIES  OP 

ABOUT  20  FEET  PER  SECOND.* 

Number  of 
diameters  in 

theleiurth 
of  the  pipe. 

ooefflcientsor 
diflchATva. 

Number  of 

diameters  in 

the  length 

ofthe^pe. 

coefficients  of 
discharge. 

2  diameters 

•986 

•814 

•715 

900  diameters 

•239 

•286 

•233 

5 

•957 

•791 

•698 

950        ,. 

•284 

•230 

•227 

10 

•919 

•769 

•683 

1000        „ 

•228 

•226 

•222 

16 

•886 

•749 

•669 

1060        „ 

•233 

•220 

•317 

20 

•856 

•781 

•666 

1100        „ 

•218 

•216 

•218 

25 

•828 

•713 

•648 

1200        „ 

•209 

•207 

•205 

80 

•804 

•698 

•682 

1400        .. 

•194 

•192 

•191 

85 

•781 

•683 

•620 

1600        „ 

•182 

•180 

•179 

40 

•760 

•668 

•610 

1800        „ 

•172 

•171 

•170 

45 

•741 

•656 

•600 

2000        „ 

■163 

•162 

•161 

60 

•723 

•648 

•590 

2200        „ 

•166 

•166 

•164 

55 

•706 

•632 

•680 

2400        „ 

•149 

•149 

•148 

100 

•696 

•648 

•614 

2600        „ 

•144 

•143 

•142 

150 

•618 

•486 

•462 

2800        „ 

•139 

•138 

•137 

200 

•464 

•440 

•422 

8000        „ 

•134 

•183 

•138 

250 

•424 

•406 

•391 

3200        „ 

•180 

•129 

•129 

800 

•892 

•878 

•366 

3400        „ 

•126 

•125 

•126 

850 

•867 

•856 

•346 

8600        „ 

•122 

•121 

•121 

400 

•846 

•886 

•329 

3800        „ 

•119 

•119 

•118 

450 

•829 

•819 

•314 

4000        „ 

•116 

•116 

•115 

600 

•814 

•807 

•300 

4210        „ 

•113 

•113 

•113 

550 

•801 

•296 

•289 

4400        „ 

•111 

■111 

•111 

600 

•289 

•283 

•278 

4600        „ 

■108 

•108 

•108 

650 

•279 

•273 

•269 

4800 

•106 

•106 

•106 

700 

•269 

•266 

•261 

6000        „ 

•104 

•104 

•104 

750 

•261 

•267 

•268 

6200        „ 

•102 

•102 

•102 

800 

•268 

•249 

■246 

6400        „ 

•100 

•100 

•100 

850 

•246 

•242 

•239 

6600        „ 

1 

•098 

•098 

•098 

pipes,  from  20  to  100  feet  long,  have  been  used  in  a 
published  work*f"  for  the  purpose  of  testing  the  accuracy 
of  Du  Buat's  and  some  other  formulae  ;  but  the  head 

•  See  p.  146. 

t  Researches  in  Hydraulics.     Weale's  Quarterly  Papers  on  En- 
gineering. 
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divided  by  the  length  is  assumed  to  be  the  hydraulic 
inclination  throughout^  and  no  allowance  is  made  for 
the  head  due  to  the  orifice  of  entry  and  velocity  in 
the  pipe.  Of  course  the  writer's  conclusions  are 
erroneous.  It  is  shown,  Section  I.,  page  16,  how  very 
nearly  the  formulae  and  experiments  agree. 

The  formulae  appear  to  have  been  also  misunderstood 
by  the  surveyor  who  experimented  for  the  General 
Board  of  Health ;  for  the  inclination  of  the  pipe  in 
itself  is  assumed  to  be  the  hydraulic  inclination,  and 
no  allowance  is  made  for  the  head  due  to  the  impulse 
of  supply.  In  the  Civil  Engineek  and  Architect's 
Journal,  Vol.  XV.,  page  866,  it  is  stated  that  "  the 
chief  results  as  respect  the  house  drains  are  thus 
described  in  the  examination  of  the  surveyor  appointed 
to  make  the  trials."* 

"  What  quantity  of  water  would  be  discharged  through  a  3*inch 
pipe  on  an  inclination  of  1  in  120  ?— Full  at  the  head  it  woiild  dis- 
charge 100  gallons  in  three  minutes,  the  pipe  being  60  feet  in  length. 
This  is  with  stone-ware  pipe  manufeurtured  at  Lambeth.  This  applies 
to  a  pipe  receiving  water  only  at  the  inlet,  the  water  not  being  higher 
than  the  head  of  the  pipe. 

"  What  water  was  this  I — Sewage-water  of  the  full  consistency,  and 
it  was  discharged  so  completely  that  the  pipe  was  perfectly  clean. 

"  At  the  same  inclination  what  would  a  4-inch  pipe  discharge  with 
the  same  distances  ?— Twice  the  amount  (that  I  found  from  experi- 
ment) ;  or,  in  other  words,  100  gallons  would  be  discharged  in  half  the 
time.  This  likewise  applies  to  a  pipe  receiving  water  only  at  the  inlet, 
and  of  not  greater  height  than  the  head.  In  these  cases  the  section  of 
the  stream  is  diminished  at  the  outlet  to  about  half  the  area  of  the  pipe. 

**  Before  these  experiments  were  made,  were  there  not  various  hypo- 
thetical formulffif  proposed  for  general  use  ?— Yes. 

♦  Minutes  of  Information  with  reference  to  Works  for  the  removal 
of  Soil,  Water,  or  Drainage,  &c.,  &c.  Presented  to  both  Houses  of 
Parliament,  1852. 

t  It  is  a  mistake  to  call  those  formula  hypothetical,  unless  so  far  as 
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'*  What  would  these  formnlft  have  giyen  inth  a  S-inch  pipe,  and  at 
an  inclination  of  1  in  100  ?  and  what  was  the  result  of  your  experi- 
ments with  the  8-inch  pipe  f— The  formula  would  give  7  cubic  feet, 
the  actual  experiment  gaye  11}  cubic  feet ;  converting  it  into  time,  the 
discharge,  according  to  the  formuls,  compared  with  the  discharge 
found  by  actual  practice,  would  be  as  2  to  3. 

"  How  would  it  be  with  a  4-inch  pipe  I— The  fonnulae  would  give 
about  147  cubic  feet  per  minute,  whereas  practice  gave  28  cubic  feet 
per  minute. 

"Take  the  case  of  a  6-inoh  pipe  of  the  same  inclination ?~The 
results,  according  to  Mr.  Hawksley's  formula,  would  be  40J  cubic  feet 
per  minute ;  from  experiment  it  was  found  to  be  63i  cubic  feet  per 
minute. 

'*Then  with  respect  to  mains  and  drainage  over  a  flat  surface,  the 
result  of  course  becomes  of  much  more  value,  as  the  difference  proved 
by  actual  practice  increases  with  the  diminution  of  the  inclination  ? — 
Certainly,  to  a  very  great  extent  For  example,  the  tables  give  only 
14*2  cubic  feet  per  minute  as  the  discharge  from  a  pipe  6  inches  dia- 
meter, with  a  fall  of  1  in  800  ;  practice  shows  that,  imder  the  same 
conditions,  47*2  cubic  feet  will  be  discbarged. 

"  Will  you  give  an  example  of  the  practical  value  of  this  when  it 
is  required  to  carry  out  drainage  works  over  a  very  flat  surface  I — An 
inclination  of  1  in  800  gives  only  14  cubic  feet  per  minute,  according 
to  theory,  while,  according  to  actual  experiment,  and  with  the  same 
inclination,  47  cubic  feet  are  given. 

"Then  this  difference  may  be  converted  either  into  a  saving  of 
water  to  effect  the  same  object,  or  into  power  of  water  to  remove  fecu- 
lent matter  from  beneath  the  site  of  any  houses  or  town  ? — It'  may 
be  so. 

*'  And  also  the  power  of  small  inclinations  properly  managed  ? — 
Yes ;  for  example,  if  it  was  required  to  construct  a  water  course  that 

the  hypothesis  is  founded  on  observed  facts.  Every  formula  in  prac- 
tical use  is  founded  on  experiments,  and  has  been  deduced  from  them, 
but  those  formulffi  are  too  often  hypothetically  applied  to  short  tubes 
without  the  necessary  corrections.  It  will  be  seen  in  this  Section 
that  the  experiments  from  which  the  formuls  given  were  derived,  were 
in  every  way  greatly  more  extensive  than  those  made  by  the  directions 
of  the  Board  of  Health.  The  formula  named  as  Mr.  Hawkaley's  is, 
substantially,  £ytelwein*s  algebraically  transformed. 
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should  dischaige,  say  200  feet  per  minute,  the  formula  would  require 
an  inclination  of  1  in  60 -> 2  inches  in  10  feet;  whereas,  experiment 
has  shown  that  the  same  wonld  be  dischai^ged  at  an  inclination  of  1  in 
200  s  t  u^ch  in  10  feet,  thus  effecting  a  considerable  saying  in  excava- 
tion, or  a  smaller  drain  wonld  suffice  at  the  greater  inclination." 

The  results  given  above  are  calculated  in  the  follow- 
ing Table,  and  also  eight  of  the  experiments  made  for 
the  Metropolitan  Commissioners  of  Sewers* ;  assuming 
for  the  present,  with  the  surveyor,  examined  by  the 
Commissioners,  that  the  inclinations  of  the  pipes  and 
hydraulic  inclinations  of  the  formulae  are  the  same, 
which  is  incorrect^  the  calculated  discharges,  found  by 
means  of  Tables  YIU.  and  IX.,  are  given  in  the  last 
column  of  the  Table. 


Diunetorof 

Inclination 

Diaohargein 
cubic  feet  per 

Hvpothetical 
diMhiirBre  bj 

pipe  in  inches. 

of  pipe. 

minute  by 

Du  Buit't 

experiment. 

formula. 

8 

1  in  120 

6-8 

^'% 

4 

1  in  120 

107 

14 

8 

1  in  100 

11-2 

7-6 

4 

1  in  100 

23 

15-6 

6 

1  in  100 

68-6 

48-8 

6 

1  in  800 

47-2 

18-8 

6 

lin60 

76 

69-8 

6 

1  in  100 

68 

43-8 

6 

1  in  160 

54 

88-4 

6 

1  in  200 

52 

29-2 

6 

1  in  820 

49 

21-8 

6 

1  in  400 

48-6 

19-6 

6 

1  in  800 

47-2 

18-8 

6 

Level. 

46 

00 

Du  Buat's  formula,  therefore,  gives  larger  results 
than  the  experiments  in  the  two  first  cases,  because 
the  water  received  at  one  end  only  barely  filled  it,  and 

*  Adcock's  Engineer's  Pocket  Book,  1852,  pp.  261  and  262« 
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the  pipe  was  not  full  at  the  lower  end ;  but  less  in  the 
others.  If  in  these  the  head  due  to  the  imptdse  of 
entry,  at  the  upper  end,  and  at  the  side  junctions, 
were  known,  and  the  proper  hydraulic  inclination 
determined  by  the  experiments,  the  formulsB  would  be 
found  to  give  larger  approximate  results  in  every  case, 
as  might  have  been  expected  from  the  sewage-water 
used.  In  the  last  eight  experiments  it  is  stated,*  that 
"  the  water  was  admitted  at  the  head  of  the  pipe,  and 
at  Jive  jvnctions  or  tributary  pipes  on  each  side,  so 
regulated  as  to  keep  the  main  pipe  full,"  and  that 
"  without  the  addition  of  jimctions  the  transverse 
sectional  area  of  the  stream  of  water  near  the  dis-  - 
charging  end  was  reduced  to  one-fifth  of  the  corre- 
sponding area  of  the  pipe,  and  that  it  required  a  simple 
head  of  water  of  about  22  inches  to  give  the  same  result 
as  that  accruing  under  the  circumstances  of  the  junc- 
tions.'^ It  is  also  stated,  that  ''in  the  case  of  the  6- 
inch  pipe,  which  discharged  75  cubic  feet  per  minute, 
the  lateral  streams  had  a  velocity  of  a  few  feet  per 
minute." 

Now,  the  head  of  '*  about  22  inches  '*  is  wholly 
neglected  in  the  foregoing  calculations,  though  in  a  pipe 
WO  feet  long  it  would  he  equal  to  an  inclination  of  1  in 
55  !  It  however  includes  three  elements  at  least,  viz., 
the  portion  due  to  the  orifice  of  entry,  the  portion  due 
to  the  velocity  in  the  pipe,  and  the  portion  due  to 
friction.  Assume  the  case  of  the  horizontal  pipe, 
which  discharged  46  cubic  feet  per  minute  A     This  is 

*  Adoook'8  Engmeer's  Pocket  Book,  1852,  pp.  261  and  262. 
t  The  horizontal  pipe  would  dischaii^e  equally  at  both  ends,  unlees 
there  was  a  head  of  water  at  either,  or  an  equivalent  in  the  velocity  of 
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equal  to  a  mean  velocity  of  46*9  inches  per  second ; 
with  this  velocity,  we  find  from  Table  Vm.  the 
hydraulic  inclination  of  a  6-inch  pipe  to  be  1  in  94, 
and,  therefore,  the  head  due  to  friction  in  a  pipe  100 
feet  long  is  12'7  inches.  Assuming  the  coefficient  for 
the  orifice  of  entry  and  velocity  to  be  '815,  we  also 
find  from  Table  II.  a  head  of  4:^  inches  due  to  these. 
We  then  have. 
Head  due  to  the  velocity  and  orifice  of 

entry 4'25  inches 

Head  due  to  the  resistance  of  friction     12*70      „ 
Radius  of  pipe 3*00      „ 

Total  .  .  19-95 
which  is  about  2  inches  less  than  the  observed  head : 
this,  however,  is  not  stated  definitely.  It  is  therefore 
evident,  that  the  formula  gives,  if  anything,  larger 
results  than  these  experiments,*  as  might  have  been 
expected,  instead  of  less  in  the  ratio  of  2  tod,  as  is  stated 
in  the  Report. 

Wherever  junctions  are  appUed,  as  in  the  examples 
above  referred  to,  the  formulse  in  general  use  require 
correction;  for  the  quantity  of  water  then  flowing 
below  each  junction  is  increased.  A  certain  amount 
of  error  is,  perhaps,  inseparable  from  every  calculation 
of  this  kind ;  but  before  formulfle  deduced  from  experi- 
ment by  men  every  way  qualified  for  the  task  are 
condemned,  it  would  be  well  that  their  critics  should 
learn  to  understand  and  properly  apply  them. 

approach.    Of  course,  a  smaller  pipe  with  a  fall,  must  be  better  than 
the  larger  one  with  none  at  all,  in  preventing  deposits. 

*  This  is  also  true  of  the  other  fonnuks,  for  finding  the  discharge 
from  pipes,  given  in  this  work. 
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The  diameter  of  a  short  pipe  gives  in  itself  the 
means  of  increasing  very  considerably  the  surface 
inclination  of  the  fluid  stream^  by  reducing  the  section 
at  the  lower  end.  Assume  a  horizontal  pipe  60  feet 
long  and  6  inches  in  diameter,  then  if  the  receiving 
end  be  full,  and  the  discharging  end  one-third  full,  this 

6  —  2  1 

inclination  will  be  g^      ^^q  =  Y50 '  *^^  ^^^  ^^  ^^" 

charging  end  cannot  be  kept  full  unless  a  head  of 
several  inches  be  maintained  at  the  receiving  end,  or 
an  equivalent  from  a  lateral  supply.  When  the  pipe 
is  about  two  diameters  long  it  becomes  a  short  tube  ; 
and  when  the  length  vanishes,  the  transverse  section 
becomes,  simply,  a  discharging  orifice. 


The  coefficient  of  friction  Ct  is  not,  however,  con- 
stant, as  it  varies  with  the  velocity.  That  given,  p.  198, 
viz.,  Cf  =  '004556  answers  for  pipes  when  the  velocity 
is  20  feet  per  second.  For  pipes  and  rivers  it  is  found 
to  increase  as  the  velocity  decreases ;  that  is,  the  loss 
of  head  is  proportionately  greater  for  small  than  for 
large  velocities.  Du  Buat  found  the  loss  of  head  to 
be  also  greater  for  small  than  large  channels,  and 
applied  a  correction  accordingly  in  his  formula.  This, 
expressed  in  French  inches,  is 

(i)'-hn,.log.(;  +  .-6)' 

maintaining  the  preceding  notation,  in  which  «  =  7  • 
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In  this  formula  *!,  in  the  numerator  of  the  first  term, 
is  deducted  as  a  correction  due  to  the  hydraulic  mean 

depth,  as  it  was  found  that  297  (r*— O'l)  agreed  more 

exactly  with  experiment  than  297r*   simply.      The 

second  term   hyp.  log.(— +  1*6  J-,  of  the  denominator 

is  also  deducted  to  compensate  for  the  observed  loss 
of  head  being  greater  for  less  velocities,  and  the  last 
term  '3  (r*  —  '1)  is  a  deduction  for  a  general  loss  of 
velocity  sustained  from  the  unequal  motions  of  the 
particles  of  water  in  the  cross  section  as  they  move 
along  the  channel.  These  corrections  are  empirical ; 
they  were,  however,  determined  separately,  and  after 
being  tested  by  experiment,  applied,  as  above,  to  the 
radical  formula  v  =  297  V  r  8. 

Du  Buat's  formula  was  published  in  his  Principes 
d'Hydraulique,  in  1786.  It  is,  as  we  have  seen,  partly 
empirical,  but  deduced  by  an  ingenious  train  of  reason- 
ing and  with  considerable  penetration  from  about  125 
experiments,  made  with  pipes  from  the  19th  part  of  an 
inch  to  18  inches  in  diameter,  laid  horizontally, 
inclined  at  various  inclinations,  and  vertical;  and 
also  from  experiments  on  open  channels  with  sectional 
areas  from  19  to  40,000  square  inches,  and  inclinations 
of  from  1  in  112  to  1  in  86,000.  The  lengths  of  the 
pipes  experimented  with  varied  from  1  to  3,  and  from 
3  to  3,600  feet. 

In  several  experiments  by  which  the  author  has 
tested  this  formula,  the  resulting  velocities  found  from 
it  were  from  1  to  5  per  cent,  too  large  for  small  pipes, 
and  too  small  for  straight  rivers  in  nearly  the  same 
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proportion.  As  the  experiments  from  which  it  was 
derived  were  made  with  great  care,  those  with  pipes 
particularly  so,  this  was  to  be  expected.  Experiments 
with  pipes  of  moderate  or  short  lengths  should  have 
the  circumstances  of  the  orifice  of  entry  from  the 
reservoir  duly  noted ;  for  the  close  agreement  of  this 
formula  with  them  must  depend  a  great  deal,  in  such 
pipes,  on  the  coefficient  due  to  the  height  A,  which 
must  be  deducted  from  the  whole  head  h  before  the 

hydraulic  inclination,  -j  =  8,  can  be  obtained ;  but  for 

V 

very  long  pipes  and  uniform  channels  this  is  not 
necessary. 

The  experiments  from  which  Du  Buat's  formula 
was  constructed  are  given  in  ftdl  by  the  late  Dr. 
Eobinson  in  his  able  article  on  ** rivers"  in  the 
Encyclopaedia  Britannica,  pp.  268,  269,  and  270, 
where  the  calculated  and  observed  velocities  are  placed 
side  by  side  in  French  inches  per  second.  In  all 
these  experiments  Du  Bu&t  carefully  deducted  the 
head  due  to  the  velocity  and  orifice  of  entry  before 
finiling  the  hydraulic  inclination  8,  and  those  who 
attempt  to  calculate  the  velocity  from  the  head  and 
length  of  the  channel  only,  without  making  this 
deduction,  will  find  their  calculated  results  very  dif- 
ferent from  those  there  given.  K  there  were  bends, 
curves,  or  contractions,  deductions  would  have  to  be 
made  for  these  in  like  manner  before  finding  8. 

Under  all  the  circumstances,  and  after  comparing 
the  results  obtained  from  various  other  formulae,  the 
author  originally  preferred  calculating  tables  for  the 
values  of  v  from  this  formula  reduced  for  measures  in 
English  inches,  which  is 
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806-596  (r^- -1032)  .„^^  ,_4 


t7  = 


-^  -  -2906  {r  -  -1032), 


(l)'-l.„.log.(|+l-6) 

or  more  simply, 

(81.)    .  =  ^-Mi^jl'  -8  (.*-•!). 

(l)'-h„..og.(l  +  l-6)' 

This  gives  the  value  of  v  a  little  larger  than  the 
original  formula,  but  the  difference  is  inunaterial. 
For  measures  in  English  feet  it  becomes 

88-51  (r*  -  -03)  J 

(82.)  V  =  jfTi ^ Y^ Tj  -  -084  (r*  -  -03). 

0*-h^.log.(^^  +  l-6y 

The  results  of  equation  (81*)  are  calculated  for 
diflferent  values  of  8  and  r,  and  tabulated  in  Table 
VIII.,*  the  first  eight  pages  of  which  contain  the 
velocities  for  values  of  r  varying  from  -^ih  inch  to 
6  inches ;  or  if  pipes,  diameters  from  J  inch  to  2  feet, 
and  of  various  inclinations  from  horizontal  to  vertical. 
The  last  five  pages  contain  the  velocities  for  values  of 
r  from  6  inches  to  12  feet,  and  with  falls  from  6  inches 
to  12  feet  per  mile. 

Example  VIII.  A  pipe,  IJ  inch  diameter  and 
100  feet  long,  has  a  constant  head  of  2  feet  over  the 
discharging  extremity ;  what  is  the  velocity  of  discharge 
per  second  ? 

•  When  this  Table  was  first  calculated,  the  author's  formula  (119a) 
was  not  known,  and  as  a  development  of  Du  Bust's  valuable  but 
complex  expression  the  table  is  retained.  Others  have  since  given 
Tables  calculated  from  (119a),  but  the  formula  itself  is  easily  remem- 
bered, and  results  for  any  particular  case  easily  calculated ;  especially 
so  by  using  the  last  column  of  the  table  attached  to  it 
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The  mean  radius  r  =  --  =  -  inches,  and  — -  =  50  =  -, 

4  8  %  g 

is  the  approximate  hydraulic  inclination.  At  page  2 
of  Table  VIII.,  in  the  column  imder  the  mean  radius 

-,  and  opposite  to  the  inclination  1  in  60,  is  found 
30'69  inches  for  the  velocity  sought.  This,  however, 
is  but  approximative,  as  the  head  due  to  the  velocity 
should  be  subtracted  from  the  whole  head  of  2  feet, 
before  finding  the  true  hydraulic  inclination.  This 
head  depends  on  the  coefficient  of  resistance  at  the 
entrance  orifice,  or  the  coefficient  of  discharge  for  a 
short  tube.  In  all  Du  Buat*s  experiments  this  latter 
was  taken  at  •8126,  but  it  will  depend  on  the  nature 
of  the  junction,  as,  if  the  tube  runs  into  the  cistern, 
it  will  become  as  small  as  '716 ;  and,  if  the  junction 
be  rounded  into  the  form  of  the  contracted  vein,  it 
will  rise  to  '974,  or  1  nearly.  In  this  case,  the  co- 
efficient of  discharge  may  be  assumed  •816,*  from 
which,  in  Table  II.,  the  head  due  to  a  velocity  of 

80*69  inches  is  1-  =  1*87  inch  nearly,  which  is  the 

value  of  h;    and  hence,  h  —  ^=^^=24  —  1*87 

00.1Q-     ^.  A^        100  X  12        ^.  .         1 

=  22*18  mches;  andr-  = — oo^To —  =  64*2  =        , 

the  hydraulic  inclination,  more  correctly.     With  this 

new  inclination  and  the  mean  radius  -,  the  velocity 

by  interpolating  between  the  inclinations  1  in  60 
and  1  in  60,  given  in  the  table,  is  80-69  — 1-84  =  2986 
inches  p^  second.  This  operation  may  be  repeated 
until  V  is  foimd  to  any  degree  of  accuracy  according 

*  See  Example  16,  pp.  14,  15. 

p 
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to  the  formula ;  but  it  is,  practically,  unnecessary  to 
do  so.  The  discharge  per  minute  in  cubic  feet,  is  now 
easily  found  from  Table  IX.,  in  which,  for  an  inch 
and  a  half  pipe, 

Inebea  Cubic  feet. 

For  a  velocity  of  20*00  per  second,  1-22718  per  minute. 
9-00    „       „  -55223    „ 

•80    „      „  -01841    „ 

•04    „       „  -00245    „ 


29-34    „      „        1-80027    „ 

The  discharge  found  experimentally  by  Mr.  Provis, 
for  a  tube  of  the  same  length,  bore,  and  head,  was 
1*745  cubic  foot  per  minute. 

If  the  coefficient  of  discharge  due  to  the  orifice  of 
entry  and  stop-Goek  in  Mr.  Provis's  208  experiments  * 
with  1^  inch  lead  pipes  of  20,  40,  60,  80,  and  100  feet 
lengths,  be  '715,  the  results  calculated  by  the  tables 
will  agree  with  the  experimental  results  with  very 
great  accuracy,  and  it  is  yery  probable,  from  the 
circumstances  described,  that  the  ordinary  coefficient 
'815  due  to  the  entry  was  reduced  by  the  circum- 
stances of  the  stop-cock  and  fixing  to  about  "715; 
but  even  with  '815  for  the  coefficient,  the  difference 
between  calculation  and  experiment  is  not  much,  the 
calculation  being  then  in  excess  in  every  experiment, 
the  average  being  about  5  per  cent.,  and  not  so  much 
in  the  example  we  have  given. 

Table  VIII.  gives  the  velocity,  and  thence  the 
discharge,  immediately,  for  long  pipes,  and  Table  X, 

*  Transactions  of  the  Institution  of  Civil  Engineers,  toL  ii.  pp. 
201,  210, 
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enables  us  to  calculate  the  cubic  feet  discharged  per 
minute,  with  great  facility.  For  rivers,  the  mean 
velocity,  and  thence  the  discharge,  is  also  foimd  with 
quickness.  See  also  Tables  XI.,  XII.,  and  XIII., 
and  the  Tables  at  pp.  28  and  29. 

Example  IX.  A  watercourse  is  7  feet  wide  at  the 
bottom,  the  length  of  each  sloping  side  is  6*8  feet,  the 
width  at  the  surface  is  Itifeet,  the  depth  4  feet,  and  the 
inclination  of  the  surface  4  inches  in  a  mile ;  what  is 
the  quantity  flowing  down  per  minute  ? 

Here  ^^^  +  7)  x  -  ^  5o_  ^   2-4272  feet  =  29-126 

7  +  2x6-8  »•« 
inches  =  r,  is  the  hydraulic  mean  depth ;  and  as  the 
fall  is  4  inches  per  mile,  at  the  11th  page  of  Table 
VIII.,  the  velocity  v  =  12-03  -  '16  =  11*87  inches 
per  second ;  the  discharge  in  cubic  feet  per  minute  is, 
therefore, 

50  X   ~  X  60  =  2967-5. 


If  94-17  V  r  «  =  r,  then  v  =  94*17  \ /2-427  H-  — 

V  16840 

=  94-17  X     /—  =  —  zi:  1-17  feet  =  14-04  inches. 
V  esae        807 

Watt,  in  a  canal  of  the  fall  and  dimensions  here  given, 
found  the  mean  velocity  about  13}  inches  per  second. 
This  corresponds  to  a  fall  of  5  inches  in  the  mile, 
according  to  the  formula.  Du  Buat's  formula  is  less 
by  12 J  per  cent,  or  ^th;  the  common  formula  too 
much  by  5  per  cent 

In  one  of  the  original  experiments  with  which  the 
formula  was  tested  on  the  canal  of  Jard,  the  measure- 
ments accorded  very  nearly  with  those  in  this  example, 

p  2 
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viz.  —  =  16860,  and  r  =  29*1  French  inches ;  the 

8 

observed  velocity  at  the  surface  was  15*74,  and  the 
calculated  mean  velocity,  from  the  formula,  11*61 
French  inches.*  Table  VII.  will  give  12*29  inches 
for  the  mean  velocity^  corresponding  to  a  superficial 
velocity  of  15*74  inches.  This  shows  that  the  formula 
also  gives  too  small  a  value  for  v  in  this  case,  by  about 

-j\th  of  the  result,  it  being  about  —  part  in  the  other. 

The  probable  error  in  the  formula  applied  to  straight 
clear  rivers  of  about  2  feet  6  inches  hydraulic  mean 
depth  is  nearly  -yVth  or  8  per  cent,  of  the  tabulated 
velocity,  and  this  must  be  added  for  the  more  correct 
result ;  the  watercourse  being  supposed  straight  and 
free  from  aquatic  plants. 

Notwithstanding  the  differences  above  remarked 
on,  the  results  of  this  formula,  as  calculated  and 
tabulated,  may  be  pretty  safely  relied  on  when  applied 
to  general  practical  purposes.  Many  of  the  others 
which  we  shall  proceed  to  lay  before  our  readers  are 
more  partial  in  their  application.  Rivers  or  water- 
courses are  seldom  straight  or  clear  from  weeds,  and 
even  if  the  sections,  during  any  improvements,  be 
made  uniform,  they  will  seldom  continue  so,  as  **  the 
regimen,'^  or  adaptation  of  the  velocity  to  the  tenacity 
of  the  banks,  must  vary  with  the  soil  and  bends  of  the 
channel,  and  can  seldom  continue  permanent  for  any 
length  of  time  unless  protected.  From  these  causes  a 
loss  of  velocity  takes  place,  difficult,  if  not  impossible, 

♦  These  measures  reduced  to  inches,  give  r  =  31-014,  v  —  12-374  ; 
and  the  surface  velocity  16 '775  inches;  reduced  for  mean  velocity 
13-101  inches. 


Digitized  by  VjOOQ  IC 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS.  213 

to  estimate  accurately,  but  which  may  be  taken  at 
fi'om  10  to  100  per  cent  of  that  in  the  clear  unob- 
structed direct  channel ;  but  be  this  as  it  may,  it  is 
safer  to  calculate  the  drainage  or  mechanical  results 
obtainable  from  a  given  fall  and  river  channel,  from 
formulae  which  give  lesser y  than  from  those  which  give 
larger  velocities.  This  is  a  principle  engineers  cannot 
too  much  observe. 

It  was  before  remarked,  that  for  both  pipes  and 
rivers  the  coefficient  of  resistance  increases  as  the 
velocity  decreases.  This  is  as  much  as  to  say,  in  the 
simple  formula  for  the  velocity,  v  =  m  W7,  that  m 
must  increase  with  t;,  and  as  some  function  of  it. 
This  is  the  case  in  Table  VIII.,  throughout  which  the 
velocities  increase  faster  than   V^  the  V  «,  or  the 

V  r  8.  In  all  formulae  made  use  of  by  engineers,  but 
the  author's,  Weisbach's,  Du  Buat's  and  Young's, 
the  velocity  found  is  constant  when  s/rsorrxsis 
constant.    In  Du  Buat's  formula  for  r  x  «  constant, 

V  obtains  maximum  values  between  r  =  i  inch  and 
r  =  1  inch ;  the  differences  of  the  velocities  for 
different  values  of  r  above  1  inch,  r  X  s  being 
constant,  are  not  much.  The  maximum  value,  or 
nearly  so,  may  always  be  found  by  assuming  r  =  J  inch, 
and  finding  the  corresponding  inclination  from  the 

formula  — ^  ,  which  is  equal  to  it.     For  example,  if 
o 

r  =  12  inches,  and  s  =  j— ,  the  velocity  is  found 
equal  9*62  inches;  but  when  r  s  is  constant,  the 
inclination  s   corresponding  to  r  =  J  inch  is 

^  °  *  SX 10560 

=  7^  t  from  which,  is  foimd  from  the  table,  v  =  10*25 

660 
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inches,  for  the  maximum  velocity,  making  a  difference 
of  fiiUy  7  per  cent. 

When  r  =  '01  of  an  inch,  or  a  pipe  is  ^th  part  of 
an  inch  in  diameter,  Du  Buat's  formula  fails,  but 
it  gives  correct  results  for  pipes  Jth  of  an  inch  in 
diameter,  and  two  of  the  experiments  from  which  it 
was  derived  were  made  with  pipes  12  inches  long  and 
only  -iVth  part  of  an  inch  in  diameter. 

Table  VIII.  is  extended  so  as  to  make  it  directly 
available  for  hydraulic  mean  depths,  from  -yVth  of  an 
inch  to  12  feet,  and  for  various  hydraulic  inclinations, 
even  up  to  vertical,  for  pipes.  The  fall  in  rivers 
seldom  exceeds  2  or  3  feet  per  mile,  or  the  velocity  5 
or  6  feet  per  second.  The  extension  of  the  Table  for 
great  inclinations,  and  consequently  great  velocities, 
was  made  for  the  purposes  of  calculation,  and  to 
include  pipes.  It  must  be  understood  throughout 
this  Table  that  the  velocities  are  those  which  continue 
imchanged  for  any  length  of  channel,  viz.,  when  the 
resistance  of  friction  is  equal  to  the  acceleration  of 
gravity,  the  moving  water  and  channel  being  then 
in  train.  Several  of  Du  Buat's  experiments  were 
made  with  small  vertical  pipes.  This  Table  is 
equally  applicable  to  pipes  and  rivers,  and  gives 
directly  either  the  hydraulic  inclination,  the  hydraulic 
mean  depth,  or  the  velocity  when  any  two  of  them 
are  known. 

The  mean  velocity  is  given  in  preference  to  the 
discharge  itself  in  Table  VIII.,  because,  while  an 
infinite  number  of  channels  having  the  same  hydraulic 
inclination  (s)  and  the  same  hydraulic  mean  depth  (r) 
must  have  the  same  velocity  (<?),  yet  the  sectional 
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areas,  and  consequently  the  discharges,  may  vary 
upwards  from  6'2832r^,  the  area  of  a  semicircular 
channel,  to  any  extent ;  and  the  operation  of  multi- 
plying the  area  hy  the  mean  velocity,  to  find  the 
discharge,  is  so  very  simple  that  any  tabulation  for 
that  purpose  is  unnecessary.  Besides  this,  the  banks 
of  rivers,  unless  artificially  protected,  remain  very 
seldom  at  a  constant  slope,  and  therefore  any  Tables 
o{  discharge  for  particular  side  slopes  are  only  of  use 
so  far  as  they  apply  to  hypothetical  cases.  Indeed, 
in  new  river  cuts,  the  banks,  cut  first  to  a  given  slope, 
alter  very  considerably  in  a  few  months ;  while  the 
necessary  regimen  between  the  velocity  of  the  water 
and  the  channel  is  in  the  course  of  being  estabUshed. 
The  velocity  suited  to  the  permanency  of  any  proposed 
river  channel,  though  too  often  entirely  neglected,  is 
the  very  first  element  to  be  considered. 

Coulomb  having  shown  that  the  resistance  opposed 
to  a  disc  revolving  in  water  increases  as  the  function 
av  +  b  t^  o{  the  velocity  v,  we  may  assume  that  the 
height  due  to  the  resistance  of  friction  in  pipes  and 
rivers  is  also  of  this  form ;  and  that 

(83.)  ht=  {av  +  bv^)   1, 

r 

and  consequently, 

(84.)    r8  =  av  +  bv\aiidv  =  Yj  +  ^^  -~. 

GiRARD  first  gave  values  to  the  coefficients  a  and  ft. 
He  assumed  them  equal,  and  each  equal  to  '0003104 
for  measures  in  metres,  and  thence  the  velocity  in 
canalsi 
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(85.)        V  =  (3221-016  rs  +  -25)*  -  '6  ;  * 

which  reduced  for  measures  in  English  feet  becomes 

)*  -  1-64,  or 
nearly. 

The  value  of  a  =  b  =  -OOOSICM  was  obtamed  by 
means  of  twelve  experiments  by  Du  Buat  and  Chezy. 
Of  course  the  value  is  four  times  this  in  the  original, 
as  the  mean  radius  is  used  in  all  the  formulae  instead 
of  the  diameter.  This  formula  is  only  suited  for  very 
small  velocities  in  canals,  between  locks,  containing 
aquatic  plants;  it  is  inapplicable  to  rivers  and 
channels  in  which  the  velocity  exceeds  an  inch  per 
second. 

Prony  found  from  thirty  experiments  on  canals, 
that  a  =  -000044450  and  b  =  •000309314,t  for  mea- 
sures in  metres,  from  which 

(87.)        V  =  (3232-96  rs  +  -00516)*  -  -0719  ; 
this  reduced  for  measures  in  English  feet  is, 

,  (v  =  (10607-02  rs  +  -0556)*  -  -236;  or 

^     '^      t «;  =  103  V77  -  -24  nearly: 
the  velocities  did  not  exceed  3  feet  per  second  in  the 
experiments  from  which  this  was  derived.     See  also 
note,  p.  192. 

For  pipes,  Prony  foimd,t  from  fifty-one  experiments 
made  by  Du  Buat,  Bossut,  and  Couplet,  with  pipes 
from  1  to  5  inches  in  diameter,  from  30  to  7,000  feet 
in  length,  and  one  pipe  19  inches  diameter  and  nearly 

*  9ee  Brewster's  Encyclopcedia,  Article  Hydrodynamics,  p.  259. 

t  Recherches  Physico-Math^matiques  sur  la  Th^orie  des  £aax 
Coarantes. 

t  Recherches  Physico-Math6matiqaes  sur  la  Th^rie  da  Moayement 
des  Eaux  Courantes,  1804. 
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TABLE  of  the  fifty-one  Experiment*  referred  to  in  EqucUion  (89),  the 
value  of  g  in  the  sixth  being  taken  a<  9*8088  metres. 

It  vdll  be  perceived  tiiat  Prony  did  not  take  into  calculation,  in  framing  hia 
formula,  the  head  due  to  the  velocity  In  the  pipe  and  to  the  orifice  of  entry. 


lis 

'1 

Hcnds           1 
measured  to  the, 
lower  orifice    1 
in  metres. 

Length  of  the 
pipes  in  moEres.  | 

• 

>     a 

Experimental    , 
values  of       , 
the  velocity  v 
in  metres. 

Calculated       1 
velocity  from 
formula  (89)  in 
metres. 

1 

DuBu&t 

•0041 

•0271 

19^96 

•000814 

•0430 

-0427 

2 

Couplet 

•1611 

•1363 

2280-37 

•000404 

•0544 

•0591 

3 

Coiiplet 
Du  Bu&t 

•3068 

•13.'.3 

2280-87 

-000623 

■0864 

•09-21 

4 

•0135 

•02707 

19-95 

•000469 

•0980 

•0926 

5 

Couplet 

•4634 

•1333 

2280-37 

•000590 

•1117 

•1263 

6 

Couplet 

•5106 

•1333 

2280-87 

•000638 

•1301 

•1330 

7 

Couplet 

•6497 

•1333 

2280-87 

•000670 

•1411 

•1433 

8 

Couplet 
Du  Buftt 

•6767 

•1833 

2280-87 

•000688 

•1441 

•1467 

9 

•0189 

•0271 

8-75 

•001426 

•2362 

•2895 

10 

DuBuAt 

•1137 

•0271 

8-75 

•001133 

•2826 

•3088 

11 

Du  Bu&t 

•1137 

•0271 

8-76 

•001309 

•2888 

•8088 

12 

BoMUt 

•1083 

•0271 

16-24 

•001337 

•8808 

•3369 

13 

Bossut 

•8248 

•0861 

58-47 

•001446 

•8400 

•8653 

14 

Du  Buat 

•1605 

•0271 

19-95 

•001482 

•8604 

•3718 

15 

Boflsut 

•3248 

•0361 

48-75 

•001649 

•8807 

•8915 

16 

Du  Bu&t 

•2106 

•0271 

19-95 

•001713 

•4091 

•4287 

17 

Bossut 

•3248 

■0361 

88-98 

•001687 

•4366 

•4402 

18 

Du  B\i&t 

•2425 

•0271 

19-95 

•001830 

•4408 

•4618 

19 

Bossut 

•3248 

•0644 

68-47 

•001672 

•4488 

•4416 

20 

Du  Bu&t 

•2426 

•0271 

19-96 

•001793 

•4600 

•4618 

21 

Bossut 

•3248 

•0644 

48-73 

•001796 

•4965 

•4860 

22 

Bossut 

•6497 

•0861 

5847 

•001922 

•6116 

•6122 

23 

Bossut 

•8248 

•0361 

29-23 

•001918 

•6128 

•6122 

24 

Du  Buftt 

•3335 

•0271 

19-96 

•002060 

•6411 

•5460 

25 

Bossut 

•3248 

•0544 

88-98 

•001981 

•5605 

■6458 

26 

Du  Buftt 

•8709 

•0271 

19-95 

•002174 

•6676 

•6766 

27 

Bossut 

•6497 

•0361 

48-73 

•002073 

•6693 

•6684 

28 

Du  Bu&t 

•8962 

•0271 

19 -95 

•002228 

•6916 

•6961 

29 

BOMUt 

•3848 

•0271 

26-24 

•002201 

•6032 

•5990 

30 

Bossut 

•8248 

•0361 

19-49 

•002333 

•6823 

•6327 

31 

Bossut 

•8248 

-0544 

29-23 

•6444 

•6344 

32 

Bossut 

•6497 

•0861 

88-98 

•002267 

•0498 

•6828 

33 

Bossut 

•6497 

•0544 

68-47 

•002214 

•6696 

•6344 

34 

Bossut 

•6497 

•0544 

48-78 

•002392 

7486 

•6972 

35 

Bossut 

•6497 

•0361 

2J>^23 

•002588 

74 

7848 

36 

I>uBuAt 

•6416 

•0271 

19  95 

•002750 

7761 

7660 

37 

Bossut 

•8248 

•0544 

19-49 

•002812 

7908 

7823 

38 

Du  Bu&t 

•1624 

•0271 

375 

•003620 

•7943 

•8980 

39 

Bossut 

•«497 

•0544 

88-98 

•002656 

•8868 

•7810 

40 

Bossut 

•8248 

•0361 

9-74 

•003287 

•8976 

•9048 

41 

Bossut 

•66 

•0861 

19-49 

•003161 

•9832 

•9048 

42 

Bossut 

•65 

•0644 

29-28 

•008062 

•9681 

•9071 

43 

Couplet 

3^74 

•4873 

1169-42 

•003785 

1-0600 

10692 

44 

Bossut 

•3248 

•0644 

974 

•004073 

1-0915 

11164 

45 

Bossut 

•6497 

•0644 

19  49 

•003821 

11640 

11164 

46 

Bossut 

•6497 

•0861 

9-74 

•004491 

1^8188 

1-2896 

47 

Du  Buftt 

•4873 

•0271 

8  17 

•006470 

1-5784 

17048 

48 

Du  Buftt 

•66n 

•0271 

8  76 

•006307 

1-6919 

1-6898 

49 

Bossut 

•6497 

•0544 

974 

•005578 

1-6945 

1-6890 

60 

Du  Buftt 

•7219 

•<271 

8  17 

•007888 

1-9301 

2-0798 

61 

Du  Bu&t 

•9745 

•02n 

817 

•008882 

2^2994 

2-4206 
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4,000  feet  long,  that  a  =  'OOOOITBS,  and  6  =  -0003483, 
from  which  values 

(89.)     V  =  (2871-09  rs  +  -0006192)*  -  -0249, 
for  measures  in  metres,  and  for  measures  in  English 
feet, 

(90  )     i^"^  (9419-75^  8  +  -00665)*  -  -0816 ;  or 
'-'      1 1?  =  97  V  r  «  —  -08  nearly. 
Prony  also  gives  the  following  formula  applicable  to 
pipes  and  rivers.     It  is  derived  from  fifty-one  selected 
experiments   with  pipes,    and  thirty-one   with   open 
channels  : 

(91.)     V  =  (3041-47  rs  +  '0022065)*  -  -0469734,* 
for  measures  in  metres,  which,  reduced  for  measures 
in  English  feet,  is 

.  (v=  (9978-76  r  a  +  -02375)*  -  -15412  ;  or 
'^  t  <?  =  100  \Ar«  —  -15  nearly. 
Eytelwein,  following  the  method  of  investigation 
pursued  previously  by  Prony,  foimd  from  a  large 
number  of  experiments,  a  =  •0000242651,  and  b  = 
•000365543  in  rivers,  for  measures  in  metres ;  and, 
therefore, 

(93.)        V  =  (2735-66  r  s  +  -001102)*  -  -0332.+ 
This  reduced  for  measures  in  English  feet,  is 

*  Recherches  Physico-Math^matiqaes  sur  la  Th6orie  des  Eaux  Cou- 
rantes.  A  reduction  of  this  formula  into  English  feet  is  given  at 
page  6,  Article  Hydrodynamics,  Encyclopedia  Britannica ;  at  page  164, 
Third  Report,  British  Association,  by  Rennie,  and  at  pages  427  and 
533,  Article  Hydrodynamics,  Brewster's  Encyclopsedia.    This  reduction 

•  =  —  0  1641  +  (02375  +  32806*6  r  sf  is  entirely  incorrect ;  and 
being  the  same  in  each  of  those  works,  appears  to  hare  been  copied 
one  from  the  other. 

t  M^moires  de  TAcad^mie  de  Berlin,  1814  et  1815.  See  equation 
(110). 
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Iv  =  (8975-43  r  8  +   •0118858)^  -  -1089 ;    or 
(94.)  i^  ~  ^^*^  n/7T  ""  *11  nearly,  or 

\v  =  Vi7y7_  -ii  -  i-g  v/^  -  -11 

when  /  is  the  fall  in  feet  per  mile.     He  also  shows,* 

that  -j^ths  of  a  mean  proportional  between  the  fall  in 

two  English  miles  and  the  hydraulic  mean  depth,  gives 

the  mean  velocity  very  nearly.     This  rule  for  measures 

in  inches  is  equivalent  to 

(95.)  V  =  324  x/77I 

and  for  measures  in  feet 

(96.)  V  =  93-4  s/lirj-^ 

For  the  velocity  of  water  in  pipes  he  found,  t  from 

the  fifty-one  experiments  of  Du  Buat,  Bossut,  and 

Couplet,  that  a  =  '0000223,  and  6  =  -0002803,  from 

which  for  measures  in  metres, 

(97.)         V  =  (3567-29  r  8  +  -00157)^  -  -0397 ; 
which  reduced  for  measures  in  English  feet  becomes 

(v  =  (11703-95  r  8  +  "01698)*  -  -1303;  or 
•^  |r  =  108  VrJ  -  -13  nearly. 
Another  formula  given  by  Eytelwein  for  pipes,  which 
includes  the  head  due  to  the  velocity  for  the  orifice  of 
entry,  is  reducible  to 

*  Handbuch  der  Mechanik  und  der  Hydraulik,  Berlin,  1801. 
f  M^moires  de  rAcad^mie  des  Sciences  de  Berlin,  1814  et  1815. 
Eytelwein*8  formula  is  v  =«  90*8  V  r  #  for  Prussian  feet,  and  for  pipes 

.fterw^ds  to  ,  =  «•«  y{*{Jl,  =  47-9  y~^  The  Pru«- 
sian  foot  is  here  equal  to  1  '0297  English  feet. 
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nearly,  in  which  h  is  the  head,  {  the  length,  and  d 
the  diameter  of  the  pipe,  all  expressed  in  English 
feet.  This  is  a  particular  value  of  equation  (74)  suited 
to  velocities  of  about  2^  feet  per  second.  It  must  be 
here  mentioned,  that  much  of  the  valuable  information 
presented  by  Prony  and  Eytelwein  is  but  a  modifica- 
tion of  what  Du  Buat  had  previously  given,  and  to 
whom,  only,  for  much  that  is  attributed  to  the  two 
former,  we  are  primarily  indebted. 

In  the  foregoing  as  well  as  in  the  following  equa- 
tions for  the  velocity,  unless  otherwise  stated,  one 
class  of  standards  has  been  maintained.  It  is  evident, 
if  these  standards  be  changed  in  part,  or  in  whole,  that 
apparently  different  forms  of  the  equations  will  arise ; 
thus — if  for  «,  the  hydraulic  inclination,  we  substitute 

— — ,  the  fall  m  in  feet  per  mile  is  then  used  in  place 

of  the  inclination  a ;  so  that  equation  (94),  for  instance, 
would  become 

r  =  (1-7  mr-^-  -012)*  -  -11  =  (1-7  m  4  -  'H  nearly, 
in  which  v  is  the  velocity,  in  feet  per  second,  m  the 
fall  in  feet  per  mile,  and  r  the  "  hydraulic  mean 
depth  "  in  feet.  In  like  manner  equation  (98)  would 
become 

V  =  (2-2  mr  +  -02)*  -  -13  =  (2-2  m  r)*  -  -13. 
The  first  of  these  reductions,  viz. : — 

v  =  (1-7  mr  -^  -0119)*  -  -109, 
is   given   in  a   book    of  tables  calculated  for  river 
channels  for  the   Commissioners  of  Public  Works, 
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Ireland,  the  original  equation  being  Eytelwein's,  and 
not  D'Aubuisson  8,  who  merely  copied  it.  It  is  suited 
for  velocities  averaging  about  1'3  foot  per  second. 
Again 

Mr.  Hawksley,  by  changing  the  form  of  an  old 
result,  gives  for  pipes  the  formula 


'77 


I  +  1-5  d' 

in  which  I  is  the  length  in  yards,  h  the  head  in  inches, 
d  the  diameter  in  inches,  and  v  the  velocity  in  yards 
per  second.  For  uniform  feet  measures,  for,  t?,  d,  and 
H,  this  becomes 

which  is  only  an  alteration  in  form  of  Eytelwein's  equa- 
tion, note  to  (93).  Eytelwein's  equation  expressed  in 
the  measures  used  by  Mr.  Hawksley  would  be  very 
nearly 

which  is  the  simpler  of  the  two ;  both,  however,  are 
but  particular  cases  of  the  general  equation  (74), 
and  only  suited  for  velocities  of  about  2^  feet  per 
second. 

Dr.  Thomas  Young*  also  derives  his  formula  from 
the  supposition,  that  the  head  due  to  the  resistance  of 
friction  assumes  the  form  of  equation  (83) ;  calling  the 
diameter  of  a  pipe  d,  he  takes 

a 

*  Philosophical  Transactions  for  1808.  Young  also  translated  Eytel- 
wein's Handbuch. 
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and  the   whole   height  h  =  ft,  +— ^>  expressed   in 

686 

inches,  which  corresponds  with  a  coefficient  of  '871, 

nearly,  for  the  orifice  of  entry.     He  foimd  fi-om  some 

experiments  of  his  own,  those  collected  by  Du  Bu&t, 

and  some  of  Gerstner's,  that 


•?(^ 


and 


(100.)    a  = -0000002  {^?^^„ 

1085  +  l!:21_^lj0563^\j. 
d  or    I  ) 

then  as  -— =  '00171,  the  value  of  the  velocity  becomes 

586 


00171  i. 

al 


\2bl  +  -00341  d)  J       i 


26i+-00341d 
When  the  length  I  of  the  pipe  is  very  great  com- 
pared with  the  head  due  to  the  orifice  of  entrance  and 
velocity,  '00171  t^,  then 

or  by  substituting  for  —  its  value  8,  equal  the  sine  of 
c 

the  inclination, 

The  values  of  a  and  b  are  for  measures  in  inches. 
For  most  rivers  he  finds  for  French  inch  measures, 
i)  =  \/ 20000  d7,  in  which  d  must  be  taken  equal  4  r; 
this  reduced  for  English  inches  is 
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(105.)  V  =  292  s/7Vi 

which  again  reduced  for  feet  measures,  becomes 
(106.)  r  =  84-3  \/r7; 

These  latter  values,  for  rivers,  are  even  smaller  than 
those  found  from  Du  Bud,t's  formula;  less  than  the 
observed  velocities,  and  less  than  those  found  from  any 
other  formula,  with  the  exception  of  Girard*s.  The 
values  of  the  coefficients  a  and  h  vary  in  this  formula 
with  the  value  of  d  =  4  r  ;  they  are  expressed  generally 
in  equations  (101)  and  (102),  from  which  the  preceding 
table  for  different  values  of  d  and  r  has  been  calculated. 
An  examination  of  this  table  will  show  that  a 
obtains  a  minimum  value  when  d  is  between  10  and 
11  inches ;  and  h  when  the  diameter  is  between  J  and 
f  of  an  inch.     Now,  it  appears  from  equation  (102), 

that  V  increases  with     /iL^  nearly,  or,  which  is  the 
V    1)1 

same  thing,  as  h  decreases,  there  must,  cateris  paribus^ 
be  a  maximum  value  of  v  for  a  given  value  of  — '1 

L 

or  r  «,  when  d  is  between  i  and  |  inch :  but  as    ^' 

26 

has  a  minimum   value   when  d  is  nearly   12  inches, 

the  maximum  value  of  v  referred  to   will  be  found 

between  values  of  d  from  J  inch  to  12   inches  ;  in 

fact,     when    d   =   10    inches    nearly.      A    similar 

peculiarity  has    already   been    pointed    out    in    Du 

Bu&t's  general  theorem,  at  page  218.    It  will  not  be 

necessai'y  to  take  out  the  values  of  -—  and  —  to  more 

2  0  4  6* 

than  one  place  of  decimala. 
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The  values  of  ^  are  also  given  in  the  table,  and 

may  be  used  in  equation  (104)  for  finding  the  dischai^e 
from  long  pipes.  It  is,  however,  necessary  to  remark, 
that  this  equation  is  sometimes  misapplied  in  finding 
the  velocity  from  short  pipes,  and  those  of  moderate 
lengths.  It  is  necessary  to  use  equation  (102),  which 
takes  into  consideration  the  head  due  to  the  velocity 
and  orifice  of  entry  for  such  pipes. 

For  a  pipe  11  inches  in  diameter,  the  expression  for 
the  velocity,  equation  (104),  becomes  for  inch  measures, 

and  for  feet  measures,  also  substituting  4  r  for  d, 

<^^^->   ''  =  {^OT02}*-'^  =  ^^ ('•'>*-•' 

very  nearly.  For  a  pipe  '7  inch  in  diameter  would  be 
found  in  a  like  manner  for  feet  measigres, 

(106b.)  V  =  118  (r  «)*  -  -6, 

which  is  only  suitable  for  very  high  velocities. 

Sm  John  Leslie  states,*  that  the  mean  velocity  of 
a  river  in  miles  per  hour,  is  -r^tl^s  of  the  mean  propor- 
tional between  the  hydraulic  mean  depth  and  the  fall 
in  two  miles  in  feet.  This  rule  is  equivalent,  for 
measures  in  feet,  to 
(107.)  r  =  100  VTT;- 

and  is  applicable  to  rivers  with  velocities  of  about  2  j 
feet  per  second. 

D'AuBUissoN,  from  an  examination  of  the  results 
obtained  by  Prony  and  Eytelwein,  assumest  for  mea- 


♦  Natural  Philosophy,  p.  423. 
t  Traits  d'Hydnulique,  p.  224. 
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sures  in  metres  that  a  =  -0000189,  and  ft  =  -0003425 
for  pipes,  snbstitating  these  in  equation  (84)  and 
resolving  the  quadratic 

(108.)    v  =  (2919-71  r  «  +  -00074)*  -  -027  ; 

which  reduced  for  measures  in  English  feet  becomes 

nno  ^    S^  =  (9579  r  s  +  -00818)*  -  '0902,  or 
^^"^•^    tr  =  98  V77--1  nearly. 
For  rivers  he  assumes  with  Eytelwein,*  a  =-000024123 
and  h  =  -0003655,  for  measures  in  metres,  and  hence 

(110.)      V  =  (2735-98  r  «  +  -0011)*  -  -033; 
which  for  measures  in  English  feet  is 

(111 )      [^^  (8976-5  rs  +  -012)*  -  -109,  or 
^      '^      \v  =  94-5  \/T«  —  -11  nearly. 
When  the  velocity  exceeds  two  feet  per  second,  he  as- 
sumes, from  the  experiments  of  Couplet,  a  =  0,  and 
h  =  -00035875 ;  these  values  give 
(112.)  V  =  V  2787-46  r  «, 

for  measures  in  metres,  and 
(113.)  V  =  95-6  VTs  =  V  914577 

for  measures  in  English  feet.  Equations  (110)  and 
(111)  are  the  same  as  (93)  and  (94),  found  from  Eytel- 
wein's  values  of  a  and  6,  and  it  may  be  remarked  that 
D'Aubuisson's  equations  for  the  velocity  generally,  are 
simply  those  of  Prony  and  Eytelwein. 

The  values  which  are  found  to  agree  best  with  the 
general  run  of  experiments  on  clear  straight  rivers  of 
uniform  section  are  a  =  -0000035,  and  i  =  -0001150 
for  measures  in  English  feet,  from  which  we  find 

n^A\     i^=  (8695-6  r  s  =  -00023)*  -  -0162,  or 
^^^^•^     tt?  =  93  V77--02, 

*  Traits  cPHydraulique,  p.  183.    See  Eqnation  (98). 
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which  for  an  average  velocity  of  IJ-  foot  per  second  will 
give  V  =  92'8  V  r  a  nearly,  and  for  larger  velocities 
V  =  98"3  y/  r  8;  for  smaller  velocities  than  IJ  foot  per 
second,  the  coefficients  of  V  rs  decrease  pretty  rapidly. 
This  formula  will  be  found  to  agree  more  accurately 
with  observation  and  experiment  than  any  other  of  this 
form.* 

Weisbach  is  perhaps  the  only  writer  who  has  modi- 
fied the  form  of  the  equation r8  =  av  +  bt^.  In 
Dr.  Young's  formula,  a  and  b  vary  with  r,  but  Weisbach 

assumes  that  ht  =  [a  +  -y)-  X  =r—, and   finds    firom 

the  fifty-one  experiments  of  Couplet,  Bossut,  and  Du 
Buat,  before  referred  to,  one  experiment  by  Guemard, 
and  eleven  by  himself,  all  with  pipes  varying  from  an 
inch  to  five  and  a  half  inches  in  diameter,  and  with 
velocities  varying  from  1 J  inch  to  15  feet  per  second, 
that  a  =  -01439,  and  6  =  -0094711  for  measures  in 
metres ;  hence  for  the  metrical  standard 

(116.)        fc.  =  (-01439  +  '99^)  ^  X  ^. 
This  reduced  for  the  mean  radius  r  is 

I!\ 


(116.)  h,  =  (-008597  +  '9^)  i  X    ♦^ 


*  In  a  stream  (the  Haddock),  with  a  curved  channel,  jagged  and 
irregular  banks,  yaiiable  depths  averaging  about  1  foot,  aquatic  plants 
growing  on  the  bed,  varying  velocity,  and  an  average  cross  section  of 
about  16 '50  feet,  the  flow  was  only  18  cubic  feet  per  second,  the  for- 
mula giving  85  cubic  feet.  In  sudi  cases  the  application  of  a  formula 
investigated  for  a  uniform  channel  and  a  uniform  slope  is  inadmissible  ; 
yet  we  have  heard  evidence  in  the  Four  Courts,  Dublin,  founded  on 
such  mistaken  applications.    See  note,  p.  192. 

Q  2 
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from  which  for  measures  in  English  feet 


003697  +  :5042887W  ^    ^ 


(117.)  K  =  (-ouaoyy  -i-  j — f  r  ^  2~g' 

and  thence 

(118.)  r,  =  (•003697 +  :00^J^^. 

and  by  substituting  for  2  j,  its  value  64*408, 
(119.)  r  a  =  (-00005685  +  ".^22^659^ 

In  equation  (117),  (-008597  +  :22^|§§Z\  =  c,  is  the 

coefficient  of  the  head  due  to  friction.  The  equation 
does  not  admit  of  a  direct  solution,  but  the  coefficient 
should  be  first  determined  for  different  values  of  the 
velocity  v  and  tabulated,  after  which  the  true  value  of 
V  can  be  determined  by  finding  an  approximate  value, 
and  thence  taking  out  the  corresponding  coefficient 
from  the  table,  which  does  not  vary  to  any  considerable 
extent  for  small  changes  of  velocity.  In  the  following 
small  table  the  author  has  calculated  the  coefficients  of 
friction,  and  also  those  of  r',  in  equation  (119),  for 
different  values  of  the  velocity  v. 
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TABLE  OF  THI  OOEFPICIENTS  OF  FKICTION  IN  PIPES. 


Cf 

64-4 

64-4 

r 

la 

Cf 

64-4 

64-4 

r 

•1 

•omw 

-0002664 

8078  07 

63  6 

24 

•006365 

•0000988 

101216 

100-6 

•2 

•0181R5 

•0002047 

4886-2 

69-9 

26 

•006309 

•0000979 

10214-6 

101*0 

•3 

•011427 

•0001774 

66369 

76-08 

2-6 

•006257 

•0000972 

10288-1 

101-4 

•4 

•010378 

•0001611 

6270-8 

78-8 

2'7 

•006207 

•0000964 

10373  4 

101-8 

•6 

•009662 

•0001500 

6666-6 

81-6 

2^8 

•006160 

•0000950 

104r»0-2 

102-2 

•6 

•000138 

•0001418 

7052-2 

84*0 

£•9 

•006115 

•0000949 

10537-4 

102-6 

-7 

•008728 

•0001S54 

7885-6 

86  •O 

8- 

•006073 

•0000943 

10604-4 

102-9 

•8 

•008891 

•0001803 

7674-6 

87-6 

8-6 

•005890 

•0000914 

10940-9 

104-6 

■» 

•008117 

•0001260 

7986-6 

89-1 

4- 

•005741 

•0000891 

11223-3 

106-9 

ID 

•007888 

•0001224 

8169-2 

904 

6- 

•005614 

•0000856 

11682-2 

108-0 

11 

•007686 

•0001108 

8382-2 

91-6 

6- 

•005348 

•0000830 

12048-2 

109  7 

1-2 

•007512 

•0001166 

8676-3 

926 

7- 

•006218 

•0000810 

12M5-6 

nil 

1-26 

•007488 

•0001164 

86666 

93  1 

&• 

•005113 

•00P0794 

12632-2 

112-4 

1-8 

•007368 

-0001142 

8756-6 

93  6 

9^ 

•006026 

•0000780 

12820*5 

113  8 

1-4 

•007221 

•0001121 

8920-6 

94-4 

10^ 

•004953 

•0000769 

13003-9 

1140 

16 

•007098 

•0001102 

9074-4 

96-2 

lb' 

-004704 

•0000730 

13698-6 

117-0 

1-6 

•006087 

•0001086 

92166 

96-0 

16^ 

•004669 

•0000725 

137931 

1174 

1-7 

•006886 

•0001069 

9864-6 

96-7 

20^ 

•004566 

•0000707 

14144-2 

1189 

1-75 

•006839 

K>001062 

9416-2 

97-03 

26^ 

•004456 

•0000691 

144717 

120-8 

18 

•006794 

•0001064 

9487-6 

97-4 

30- 

•004880 

•0000680 

14705-9 

121-2 

1-9 

•006716 

•0001042 

9696-9 

97-9 

36  • 

•004822 

•0000671 

14903-1 

122-0 

2- 

•006629 

•0001029 

9718-2 

98-6 

40- 

•004276 

•0000664 

16060-2 

1227 

21 

•006666 

•0001018 

9823-2 

991 

45- 

•004286 

•0000668 

15197 -5 

128-8 

2-2 

•006488 

•0001007 

9930-6 

99-6 

60^ 

•004208 

•0000653 

15313-8 

128*7 

2-3 

•006424 

•0000997 

10008^ 

100- 

100^ 

•004200 

•0000625 

16000-0 

126-4 

64*4 
If  the  value  of here  found,  be  substituted  in  the 


equation  v 


_      /64'4 


r  8,  we  shall  have  the  value  of 


V.  According  to  this  table  the  coeflScient  of  friction 
for  a  velocity  of  six  inches  is  more  than  twice  that  for 
a  velocity  of  twenty  feet,  and  the  velocity  is  less  in  the 

proportion  of  81'6  to  118-9,  or  of  81-6  (rs)*  to  118-9 

(r  «)*.  On  comparing  these  coefficients  and  those  for 
pipes  in  the  preceding  formulse,  with  those  for  rivers 
of  the  same  hydraulic  depth,  it  will  be  perceived  that 
the  loss  from  friction  is  greatest  in  the  latter,  as  might 
have  been  anticipated ;  but  this  evidently  arises  from 
lesser  velocities. 
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It  has  been  remarked  that  the  coefficient  of  friction 
decreases  as  the  velocity  increases.  The  only  general 
formula  which  properly  meets  this  defect  in  the  com* 
mon  formulae  is  Weisbach's,  but  it  does  not  give  the 
velocity  v  directly,  as  this  quantity  is  involved  in  both 
sides  of  his  equation.  As  for  several  hydraulic  works 
it  is  necessary  to  convey  water  through  pipes  to  work 
machines  under  high  heads,  and  for  which  the  common 
formula  would  give  results  considerably  under  the  true 
ones,  it  appeared  to  the  author  desirable  to  obtain  some 
simple  expression  for  the  velocity  which  might  be  easily 
remembered  and  applied,  which  would  be  equally  cor- 
rect with  other  formulse  for  medium  velocities  of  from 
one  to  two  and  a  half  feet,  and  which  at  the  same  time 
would  give  practically  correct  results  for  lesser  and 
greater  velocities  within  the  limits  of  experiment.  By 
reducing  the  velocity  found  from  experiment  to  the 
form  f?  =  m  V  r  «  for  every  case,  and  afterwards  ap- 
plying a  correction  of  the  form  n  v^  r  «  to  meet  the 
increasing  value  of  m  as  r  increased,  the  following  ex- 
pression was  discovered : — 

(119a)  V  =  140  (r«)*  -  11  (r«)* 

which  gives  results  not  differing  more  from  experiments 
than  these  frequently  do  from  each  other.  The  follow- 
ing table  exhibits  the  velocities  compared  with  those 
obtained  from  the  experiments  made  by  Du  Buat, 
Couplet,  Watt,  Mr.  Provis,  and  Mr.  Leslie,  in  the 
Minutes  of  the  Institution  of  Civil  Engineers  for  Feb- 
ruary 1855.  The  last  experiment  was  ftimished  by 
Mr.  Hodson  of  Lincoln.  Numbers  34  and  35  were 
made  as  stated,  and  give  the  mean  results  of  several 
experiments  made  with  great  care ;   the  coefficient  of 
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TABLE  shomjig  the  BxperimerUcU  Results  of  observed  Velocities  in  Water 
Channels,  with  the  Author's  general  formula  for  Pipes  and  Rivers  (119a)  viz. 

»=140(rs)*-ll(r8)** 


o 

1 

Heads 
in 

feet  (H). 

Lengths 
in  feet  ({> 

Values 
ofn 

Values 
of& 

Values 
ofrs. 

III 

III 

Bxpeiimen- 
ter%  Names. 

■08333 

1086- 

•052088 

•000076 

•00000396 

•100 

•106 

62-6Vr7 

Mr.  LesUe 

2 

•01332 

65-37 

•022204 

-000106 

-00000434 

•140 

•113 

640    „ 

Couplet 
Mr.lealio 

3 

-14583 

1086- 

•052083 

•000138 

•00000693 

-118 

•167 

60-0    „ 

4 

-49586 

7482- 

-111000 

•000066 

•00000134 

•178 

•167 

61-6    „ 

Couplet 
Mr.leaUe 

5        -20833 

1086- 

•052083 

-000190 

•00000989 

•217 

•206 

65  0    „ 

6       -46838 

1086- 

•062083 

•000417 

•00002170 

•361 

•345 

741     „ 

^j 

7     1-48768 

7482- 

•111000 

•000198 

•00002220 

•866 

•348 

741  ;; 

Couplet 
Mr.  Leslie 

8     1-44800 

1086- 

-062083 

•001321 

-0000688 

•716 

-711 

85-7    „ 

»      2-78125 

1086- 

•062083 

-002638 

-0001322 

1-085 

1060 

913    „ 

10         „ 

j 

2-427200 

-000063 

•0001582 

1166 

1143 

92-4    „ 

Watt 

11        -60000 

100  •* 

•081250 

-004741 

•00014S2 

1-028 

1122 

922    „ 

Mr.Provis 

12     2-78126 

1086- 

•062083 

-004348 

•0002265 

1461 

1-438 

95-6    „ 

Mr.  Leslie 

13     4-70042 

1086- 

•062083 

•006410 

-0003340 

1-725 

1796 

98-3    ,. 

14      1-00680 

127-9 

•044630 

-007748 

•0003458 

1-889 

1-840 

98-9    „ 

Bossdt 

15       -60000 

40- 

-031250 

-010810 

1-711 

1816 

98-7  ;. 

Mr.Provis 

95-92 

-044630 

-010050 

•0004485 

2111 

2124 

100-3    ,. 

Bossut 

17 

1-5 

100- 

•031260 

•014166 

•0004422 

2-006 

2108 

100-5    „ 

Mr.  Provis 

18 

9-9896 

1086- 

•052083 

•009174 

•0004779 

2095 

2185 

100-6    „ 

Mr.  Leslie 

19 

-8575 

40- 

•031250 

-018042 

-0006638 

2-380 

2414 

101  ^7    ,. 

Mr.  ProTls 

20 

21816 

191*9 

•044680 

•010M8 

•0004708 

2-463 

2183 

1006    ,. 

Bossut 

21 

21316 

159-9 

•012624 

•0005589 

2  440 

2404 

1017  ;, 

22 

•052083 

•014286 

-0007440 

2-800 

2-823 

103-5    „ 

Mr.LesUe 

23 

2-1316 

127-9 

•044630 

015360 

-0006851 

2-744 

2  696 

103-0    ,. 

Bossut 

24 

j^ 

jj 

•044630 

-027921 

•0012465 

3819 

3760 

106-6    „ 

•25 

•052083 

•026000 

•0013021 

3-783 

3-852 

1067    „ 

Mr.LssUe 

26 

3-27416 

40-' 

•031250 

'018040 

•002093 

5054 

5-006 

109-8    „ 

Mr.Provis 

27 

2-8684 

10-39165 

-022204 

-133689 

•0029679 

6  322 

6-048 

1110    „ 

DuBu&t 

28 

8-27416 

20- 

•031250 

•111200 

•0034760 

6723 

6-572 

111-6    „ 

Mr.Provis 

29 

8-4625 

20- 

•081260 

•113900 

•0035594 

7086 

6-668 

111-9    „ 

^j 

30 

7135 

62-8822 

-029606 

-098861 

6157 

6^999 

110-9    ,. 

Couplet 

31 

14-270 

125-7644 

■029605 

•106151 

•0031426 

6-161 

6  239 

111-3    „ 

32 

21-405 

188-6466 

-029605 

-108679 

■00321466 

6  145 

6316 

1114    ,1 

,, 

33 

3-1974 

10-39165 

•022204 

-176991 

•0039292 

7-544 

7039 

112-3    „ 

DuBu&t 

S\ 

11-125 

9-292 

•021250 

•713000 

-01516126 

14588 

14-518 

117-9  ;, 

Mr.  Neville 

35 

30-8 

19-2 

•021250!  -814000 

-01729760 

16-667 

15-617 

1184    .. 

Mr.iiodson 

36  150- 

100- 

•020833:1-400000 

-0291667 

21-7 

20-6 

1208Vr, 

*  The  form  in  which  this  formola  was  first  foond  was  as  follows  : — 

(  ^<*'  )  /— 

t?  =  J  140  —  y     vj  I    ^  y/r  8,    For  measures  in  metres  it  becomes 

77-3(r»)*— 4-9(r5A 
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the  orifice  of  entry  was  found  to  be  "BGO.*  The  mea- 
sures have  been  all  reduced  to  English  feet.  The 
results  found  by  the  same  experimenters,  at  the  same 
time,  with  the  same  apparatus,  sometimes  differ  by 
three  or  four  per  cent.,  as  may  be  seen  by  referring  to 
Mr.  Provis'  experiments  (Transactions  of  the  Institu- 
tion of  Civil  Engineers,  vol.  n.,  p.  203),  and  the  differ- 
ence in  the  experiments  shown  in  the  table  are  apparent. 
The  difference  in  the  velocities  found  from  the  experi- 
ments, do  not  exceed  those  inseparable  from  practical 
investigations,  and  they  differ  as  much  in  themselves 
as  from  the  formula,  which  for  cylindrical  pipes  of 
diameter  d  may  be  thus  expressed, 

(119B.)        1^  =  70  (..)*- 6-98  (i.)*,  or 
If?  =  70  (ti8)*  -  7  (d«)*nearly. 
The  expression  feils  when  70  (d  sy  is  equal  to  or 
less  than  6*98  {d  a)%  but  as  this  only  happens  when 
r  8  =  ( ^  j  =  -000000286,  and  for  velocities  below  one 

inch  per  second,  its  practical  value  is  not  thereby  af- 
fected. The  expression  of  Du  Buat  fails  with  a  tube 
of  one  twenty-fifth  part  of  an  inch  in  diameter,  no 
matter  what  the  head  may  be,  as  it  then  makes  the 
velocity  equal  to  nothing,  although  some  of  the  experi- 
ments from  which  it  was  derived  were  made  with  tubes 
but  the  eighteenth  part  of  an  inch  diameter.  The  fol- 
lowing expression  is  free  from  this  defect : 

(119  c.)  r  =  60  (r8)*  +  120  (r«)*, 

♦  The  coefficient  for  the  orifice  of  entry  was  found  by  cutting  off  the 
pipe  at  two  diameters  from  the  cistern  at  the  conclusion  of  the  experi- 
ments, and  finding  the  time  of  emptying.     Vide  p.  172. 
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and  will  give  results  approximating  very  closely  to 
those  found  from  Du  Bu&t's  formula,  and,  therefore, 
with  those  experiments  with  which  it  .most  nearly 
coincides,  but  agreeing  much  more  closely  with  Watt's 
and  other  experiments,  on  rivers.  It  gives  higher 
results  than  the  previous  formula  for  velocities  below 
six  inches,  but  the  results  found  by  difierent  experi- 
menters differ  very  much  in  those.  For  higher  velo- 
cities it  appears  to  differ  occasionally  only  about  one- 
twentieth  from  observation,  being  in  general  less,  as 
far  as  twenty  feet  per  second,  where  it  coincides  very 
closely  with  Mr.  Hodson's  experiment.  As  the  errors 
appear  to  be  of  an  opposite  kind  generally,  in  the  two 
last  expressions,  combining  them  is  found 

(119  D.)  f?=  100(r«)*-h  60(ra)*  -  5-5(r«)*, 
an  expression  which,  however,  wants  simplicity  for 
ready  practical  application.  When  the  length  of  the 
pipe  does  not  exceed  from  1000  to  2000  diameters,  a 
correction  is  due  to  the  velocity  in  it,  and  to  the  orifice 
of  entry  before  finding  the  "  hydraulic  inclination  "  («). 
The  coefficient  used  in  reducing  the  foregoing  experi- 
ments for  the  orifice  of  entry  was  '815,  which  gives 

1*508   ^ —  for  the  height  due  to  the  joint  effects  of 

velocity  and  orifice.  This  must  be  deducted  from  the 
head  (h)  before  dividing  it  by  the  length  (i)  to  find  the 
inclination  (a)  in  our  table. 

The   following  table,  calculated  from  the  formula 

(119a),  V  —  140  {rsy  —  11  (r«)%  gives  the  corres- 
ponding values  oir  8  and  t?,  so  that  when  one  is  known 
the  other  is  immediately  found  from  inspection.  Thus, 
if  r  «  =  •08125,  then  we  shall  have 
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TABLE  for  finding  tki  Velocity  in  feet  per  second,  from  the  product  of 
tfu  hydratUic  nuan  depths  and  hydraulic  inclinations^  and  the  reverse 
calculated  from  the  Author's  formula  v  =  140  (rs)^  —  11  (ra)*,  in 
which  r,  5,  and  v  are  feet  measures. 


Values  of 

Velo- 

Values of 

Velo- 

Values  of 

Velo- 

Values  of 

Velo- 

r«. 

city*. 

rs. 

dty  V. 

r$. 

cityr. 

r«. 

city*. 

•00000296 

•083 

•0001302 

1*04 

•000689 

270 

•003559 

6-67 

•00000332 

•091 

•0001322 

106 

•000710 

276 

•003699 

6-71 

-00000395 

•104 

-0001420 

109 

•000744 

283 

-003630 

6-74 

•00000427 

•111 

•0001482 

112 

•000768 

2-86 

•003788 

6-90 

•00000M3 

•133 

•0001532 

114 

•000789 

2-91 

•003929 

7-04 

•00000592 

•142 

•0001578 

116 

•000805 

2-94 

•003946 

705 

-00000690 

•158 

•0001610 

1^17 

•000883 

800 

•0039n 

7^08 

•00000734 

•167 

•0001657 

119 

•600852 

3^ 

•004104 

7-20 

•00000947 

•198 

•0001736 

l^f>l 

•000900 

313 

•004167 

7-27 

•00000989 

•206 

•0001776 

1-24 

•000947 

3-22 

•004356 

7-44 

•00001184 

•231 

•0001815 

1-26 

•001042 

3-40 

•004546 

7-62 

•00001263 

•241 

•0001894 

130 

•001106 

3 -51 

•004630 

769 

•00001420 

•261 

•0002052 

135 

•001186 

867 

•00478ff 

778 

•00001578 

•280 

•0002181 

1-38 

•001231 

3  73 

•006556 

8-49 

•ooooion 

•292 

•0002265 

1-43 

•001246 

376 

•006944 

9-61 

•00001894 

'316 

■0002367 

147 

•001263 

378 

•007576 

10-0 

•00001973 

•326 

•0002662 

1-50 

•001802 

885 

•008833 

106 

•00002170 

•346 

•0002604 

1-55 

•001826 

389 

•009259 

111 

•00002367 

*865 

•0002652 

157 

•001420 

4^04 

010417 

11-8 

•00002565 

•385 

•0002778 

161 

-001616 

418 

•011905 

12-7 

•00002841 

•411 

•0002841 

163 

•001576 

428 

-018889 

13-8 

•00008255 

•448 

•0003030 

1-69 

•001610 

4-32 

•016161 

146 

•00003354 

•457 

•0003167 

1-73 

•001667 

441 

•016667 

16^ 

•00008551 

•478 

■0003220 

1-76 

•001706 

4-46 

•017297 

15-6 

•00003748 

•489 

•0003814 

1-79 

•001736 

451 

•020883 

171 

•00003946 

•505 

•0008378 

1-80 

•001799 

460 

•027778 

20-2 

•00004143 

•521 

•0003409 

1-81 

•001894 

473 

•029167 

20^6 

•00004840 

•536 

•0003551 

1-86 

•001989 

4^87 

•041666 

247 

•00004632 

•558 

•0003680 

1-89 

•002062 

4^94 

•056656 

S8'8 

•00006130 

•694 

-0003706 

1-90 

•002083 

4^98 

•062500 

80-6 

•00005327 

•608 

•0003788 

192 

•002093 

500 

•072916 

33  •$ 

•00005524 

•622 

•0003946 

1^98 

•002178 

6^10 

•088833 

356 

•00005919 

•648 

•0004022 

110 

•002210 

614 

•104167 

40-0 

•00006314 

•674 

•0004103 

2  02 

•002273 

5^22 

•125 

43D 

•00006708 

•699 

•0004261 

2-06 

•002375 

536 

•145583 

47-6 

•0000688 

•711 

•0004419 

210 

•002462 

5-46 

•166667 

511 

•00007102 

•724 

■0004486 

212 

•002633 

563 

•208388 

67-8 

•00007694 

•760 

•0004546 

214 

•002662 

6-68 

•229167 

60-2 

•00008040 

•781 

•0004708 

218 

•002683 

572 

•260000 

630 

•00008623 

•808 

•0004735 

218 

•002841 

6^90 

•270833 

667 

•00008681 

•828 

•0004893 

2^28 

•002968 

606 

•312500 

707 

•00009270 

•849 

•0006061 

2-27 

•002999 

6^08 

•838338 

732 

•00009470 

•861 

•0006208 

2-31 

•003030 

611 

•864167 

756 

•00010239 

•908 

•0005803 

2  38 

•008143 

6^23 

•376000 

777 

•00010664 

•923 

•0005638 

241 

•003167 

6-25 

•895833 

800 

•00011048 

•945 

•0006061 

2-62 

•008214 

6^31 

•416667 

821 

•00011864 

•960 

•0006166 

2-64 

•003220 

632 

•437600 

842 

•00011837 

•988 

•0C06313 

2-57 

•003314 

6^42 

•468333 

86*2 

•00012232 

100 

•0006440 

2-60 

•003409 

661 

•479166 

88-8 

•00012627 

1-02 

•0006629 

264 

•003475 

658 

•500000 

90-2 
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V  =  20-6     when     rs  =  '029167 

V  =  24-7      when     r  «  =  '041666 


Difference    4'1  corresponds  to  '012499 
•08125 
'02917 


Difference  '00208 
Whence  '0125  :  4'1  :  :  '00208  :  '7  nearly,  and  20'6 
+  7  =  21'3  is  the  velocity  sought ;  the  same  practi- 
cally as  found  in  Example  26,  p.  24.  If  allowance  is 
to  be  made  for  the  head  due  to  the  orifice  of  entry  and 
velocity,  this  head  can  be  determined  from  the  velocity 
due  to  the  value  of  r  «  in  the  table  next  less  than  the 
given  value  with  sufficient  accuracy.  In  this  case,  this 
velocity  is  20*6  feet  per  second  =  247  inches  nearly. 
If  the  orifice  of  entry  be  square,  the  coefficient  is  '815, 
and  the  head  due  to  the  velocity  and  this  coefficient  is. 
Table  II.,  10  feet  nearly.  If  r  be  known  separately, 
and  also  8,  as  well  as  the  head  h,  and  the  length  of  the 
pipe  I,  at  first 

-  =  «,  and,  therefore,  — ~ —  =_.  =  «. 

In  Example  26,  p.  24,  h  =  160,  and  I  =  100  feet, 

therefore,  the  new  value  of  -  =  ^tw^  is  1*4 ;  and  as  r 

L         JLUU 

must  be  equal  '020833,  r  «  =  '02917 :  the  value  cor- 
responding to  which,  in  the  table,  is  20*6,  the  velocity 
when  allowance  is  made  for  the  head  due  to  the  velocity 
and  orifice  of  entry. 

In  general,  by  taking  the  value  of  v  for  the  next 
less  value  of  r  «  in  the  table,  the  velocity  will  be  found 
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with  sufficient  accuracy,  and  also  the  yalue  oi  rs  from 

that  of  V  by  taking  it  as  the  next  greater.     If  r  a 

=  -0008528,  the  table  would  give  v  =  8-04  feet,  the 

same  practically  as  already  found  in   Example  27, 

p.  25. 

The  value  of  r  a,  when  known,  determines  and  fixes 

the  value  of  t?.    If  r  be  assumed  of  any  convenient 

dimensions,  8  is  then  determined ;  and,  in  like  manner, 

any  suitable  value  of  s  determines  r ;  thus : 

r  8  .r  8 

—  =  8,  and  —  =  r. 

r  '  8 

It  is  well  to  remark,  here  again,  that  for  pipes  the 

value  of  r  is  the  fourth  part  of  the  diameter  d,  and 

that 

r  =  -J,  and  4  r  =  d. 

M.  DABCYin  1857,  inspecteur  des  ponts  et  chauss^es, 
pubUshed  his  ''Becherches  exp^nmentales  relatives  au 
Mouvement  de  I'Eau  dans  les  Tuyaux,"*  the  result  of 
198  experiments,  in  which  the  velocities  varied  from 
•03  to  5  or  6  metres  per  second,  or  from  1-J-  inch  to  16 
or  19  feet,  and  with  pipes  varying  from  J  inch  to  20 
inches  diameter.  The  formula  by  which  he  presents 
the  results  is,  in  metres, 
(a.)  R  J  =  6i  u^, 

in  which  b  is  the  radius  of  the  pipe,  j  the  hydraulic 
inclination,  bi  a  variable  coefficient  dependent  on  the 
circumstances,  and  u  the  velocity  per  second.  For 
wrought  and  cast  iron  pipes  of  the  same  state  of  bore, 

*  M^moires  prtentte  par  divers  sayants  H  rAcad^mie  des  Sciences 
de  rinstitat  imperial  de  France,  tome  X.V.,  Paris,  1858. 
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the  value  of  61  is    expressed   by  M.  Darcy,  by  the 
equation 

r.^r..^»       -00000647 
(6.)  61  =  -000507  + , 

the  agreement  between  which  and  experiment  is  shown 
in  the  following  table. 


Diftmetera 

Diameten 
inmetroa. 

Yalue  of  h^ 

Value  of  ft^ 

inEngliah 

from  ex- 

by the 

Remarks. 

inchM. 

periments. 

formula. 

•6 

•0122 

•001673 

•001568 

1- 

•0266 

•000918 

•000998 

1-6 

•0395 

•000785 

•000835 

8-2 

•0819 

•000695 

•000665 

5-4 

•1370 

•000558 

•000601 

Well  polished  bore. 

7-4 

•1880 

•000584 

•000576 

11-7 

•2970 

•000612 

•000551- 

Pipe  already  in  use, 
bat  the  bore  cleaned. 

19-7 

•6000 

•000509 

•000582 

For  iron  coated  with  bitumen,  the  value  of  ii  in  a 
pipe  *196  metres  in  diameter  was  *0004884;  for  a 
newly  cast  pipe  of  '188  metres,  61  was  '000684 ;  and 
for  a  pipe  *2432  metres  in  diameter,  &|  was  '001168 ; 
the  relative  proportions  of  hi  in  these  three  instances, 
being  as 

1-1  to  1-5  and  to  8 ; 
and,  therefore,  the  velocities,  or  discharges,  would  be 
inversely  as  the  square  roots  of  these,  or  as 

•95  to  '82  and  to  '58. 
By  substituting  the  notation  used  in  this  work  for  that 
of  M.  Darcy,  then  for  measures  in  metres,  from  equa- 
tions (a)  and  (6), 

^   s       f  AAAOKo,c.    '0000016175)    , 
r«=  ^t?*=  \  '0002585  +  >v^; 
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which  for  feet  measures  becomes  (as  1  metare  =  8*281 

feet) 

f'  ^^^c^^r      8*281  X  -OOOOOieiTS )    ^ 
rs=  I  -0002586  + \  ^Q^m' 

hence 

z^= -00007726  + ••55522162 

T 

and,  therefore, 

T8 


■■{■ 


00007726  +   ^^^^^^^^^  y  • 


For  all  half-inch  pipes  this  becomes 

{rs       \l      _^  ^    J — 
•00028278)     =65-5  Vr«; 

for  all  inch  pipes, 

^  "=  {  -00016502  j     =80-8  VTT; 
for  all  two-inch  pipes, 

for  all  four-inch  pipes, 

for  all  six-inch  pipes, 

*'={-00(^}*  =  l<^5*3^^^5 
for  all  nine-inch  pipes, 

*={^o6?i^}*=l^*^^~»' 

for  all  twelve-inch  pipes, 
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'=U 


'={ 


for  all  eighteen-inch  pipes, 

for  all  twenty-four  inch  pipes, 

and  when  r  is  large,  as  for  very  large  pipes  and 
channels,  the  velocity 

is  obtained. 

There  is  evidently,  on  an  examination  of  these 
results,  a  great  error  in  the  formula  of  M.  Darcy.  As 
long  as  the  diameter  of  a  long  pipe  continues  constant, 
the  velocity  is  always  represented  by  a  given  fixed 
multiple  of  \/V«,  or  of  the  square  root  of  the  product 
of  the  hydraulic  inclination  and  hydraulic  mean  depth, 
no  matter  how  small  or  great  the  velocity  in  the  pipe 
may  be.  For  an  inch  pipe  this  multiplier  for  feet 
measures  is  80*8.  Now  with  a  lead  pipe  the  author 
has  found,  from  several  experiments,  for  a  velocity 
of  about  15  feet  per  second,  the  multiplier  to  be  117 
or  118 ;  and  for  a  velocity  of  about  22  feet  per  second, 
Mr.  Hodson's  experiment  gives  a  multiplier  of  about 
120.  Taking  the  other  extreme  for  large  pipes,  the 
multiplier  derived  from  M.  Darcy's  formula  is  IIB'B, 
no  matter  how  small  the  velocity  may  be.  But  there  are 
experiments  in  abundance  to  prove  that  for  velocities 
of  about  12  or  18  inches  per  second,  the  multiplier 
cannot  exceed  95.  We,  therefore,  look  upon  these 
researches  of  M.  Darcy  as  partial  and  defective,  and 
his  formula  as  a  representation,  at  best,  of  a  limited 
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range  of  velocitieSy  in  which  those  at  either  side  are 
omitted  or  not  perceived. 

For  small  pipes,  any  obstmction  arising  from  defec- 
tive bore,  decomposition,  encrustation,  or  from  dimin- 
ished bore,  affects  the  discharge  much  more  considerably 
than  the  same  obstructions  in  a  large  pipe.  In  order 
to  compare  correctly  the  effects  of  the  state  of  the 
bore  on  the  discharge,  pipes  of  exactly  the  same 
diameter  must  be  used,  and  the  value  of  hi  determined 
from  experiments  in  which  the  velocity  is  the  same, 
otherwise  the  results,  as  deduced  by  M.  Darcy  and 
given  by  Morin,  cannot  be  depended  upon. 

A  few  examples,  taken  at  discretion,  are  given  to 
show  how  limited  this  formula  must  be  in  its  applica- 
tion. 

1.  Couplet's  experiment.  No.  48,  p.  217,  reduced 
to  feet,  gives  r  =  •8997  feet,  «  =  '0086,  r  «= -001889, 
and  the  observed  velocity  v  =  8*478  feet  =  95  V  r  s 
nearly.  Darcy's  formula  would  give  v  =  110*8  V  r  8, 
the  author's  formula  106  V  r  «  nearly,  and  Weisbach's 
105  \/T«  nearly.  The  pipe  was  probably  an  old  one, 
and  a  deduction  of  about  10  per  cent,  might  be  made 
for  the  state  of  the  bore.  Here,  however,  there  is  no 
means  of  judging  the  effect  of  a  change  of  inclination 
on  the  multiplier  m,  table  page,  231. 

2.  From  Du  Buat's  experiments  with  an  inch  pipe, 
nearly,  Nos.  50  and  51,  p.  217,  after  reducing  them 
to  feet,  in  experiment  50,  r  =  *0222,  8  =  •228  and  v 
=  6-88  feet  =  89*2  y/  r  8 ;  or,  after  making  the 
necessary  deductions  in  the  head  for  the  velocity  and 
the  orifice  of  entry  with  the  coefficient  '816,  s  =  '147 
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and  V  =  6'83  feet  =  111*4  V  r  s.  In  experiment  51, 
in feetr  =  -0222,  s  =  '8074,  and  v  =  7*54  =  92  Vr a; 
or,  by  making  allowance  for  the  head  due  to  the  velo- 
city and  the  orifice  of  entry,  as  before,  8  =  '179,  and 
V  =  7*64  feet  =  119'7  ^  r  s.  Here  it  is  seen  how 
the  velocity,  or  value  of  the  inclination,  8,  affects  the 
value  of  the  multiplier,  the  diameter  remaining  con- 
stant. M.  Darcy's  formula,  in  each  case,  would  only 
make  v  =  80*2  •/  r  8. 

8.  In  the  excerpt  proceedings  of  the  Institution  of 
Civil  Engineers,  p.  4,  6th  February,  1855,  James 
Simpson,  president,  in  the  chair,  there  is  given  for  the 
"  Colinton  pipe "  16  inches  diameter,  eight  or  nine 
years  in  use,  three  observations.  First,  29,580  feet 
long,  a  head  of  420  feet  and  a  discharge  of  571  cubic 
feet  per  minute :  these  givev  =  6*816  feet  =  99*2  sTra 
nearly.  Secondly,  a  length  of  25,765  feet  a  head  of 
184  feet,  and  a  discharge  of  440  cubic  feet  per  minute : 
these  give  v  =  5*252  feet  =  96*8  V  r  8.  And  thirdly, 
a  length  of  8,815  feet  ahead  of  184  feet,  and  a  dis- 
charge of  1,215  cubic  feet  per  minute  :  these  give  v  = 
14*5  feet  =  115  \Ar«  nearly.  In  these  three  examples, 
the  diameter,  castings,  and  age  of  the  pipes  are  the 
same.  Yet  it  is  seen,  clearly,  that  the  inclination 
affects  the  multiplier  of  V  r  «,  which  increases  with 
the  inclination,  s,  although  M.  Darcy's  formula  would 
make  the  multiplier  the  same  in  each  case,  and  for  all 
inclinations,  viz.  v  =  110  y/  r  8.  Making  those 
allowances  inseparable  from  the  state  of  the  pipe,  and 
all  experimental  obseiTations,  these  results,  as  well  as 
those  from  Du  Bust's  experiments,  confirm  the  accuracy 
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of  the  author's  general  formula  (119a),  page  280, 
and  those  others  that  have  been  given  following  it,  as 
well  also  as  that  of  Weisbach. 

Dr.  Young's  formula,  page  222,  bears  a  resemblance 
to  that  of  M.  Darcy,  in  making  the  multiplier  of  VT« 
depend  only  on  the  diameter ;  but  it  works  in  a  con- 
trary manner :  for  the  high  velocities  being  derived 
from  pipes  with  small  diameters,  in  the  experiments 
at  his  command,  the  value  ofcint;  =  <:\/r«,  reduced 
from  his  formula,  becomes  larger  in  general  for  small 
than  for  larger  diameters.  No  doubt  an  allowance 
should  be  made  in  small  pipes  for  a  thin  film  of  water 
adjoining  the  pipe  with  little  or  no  velocity ;  but  within 
the  limits  with  which  the  engineer  has  to  deal,  this 
may  be  neglected.  Its  effect,  as  well  as  that  of  all  the 
other  resistances,  junctions,  contractions,  deposits,  &c., 
is  greater  in  pipes  of  small  bore  than  in  larger  ones. 

COEFFICIENTS  DUE   TO  THE   ORIFICE   OF  ENTRY.— 
THREE   PROBLEMS. 

Unless  where  otherwise  expressed,  the  head  due  to 
the  velocity  and  orifice  of  entry  is  not  considered  in 
the  preceding  equations.  In  equation  (74),  where  it  is 
taken  into  calculation  generally, 

V 


1  +t?,  +  ct  xi| 


in  which  1  +  c,  is  equal  to  ( -•  j  ,0,  being  the  coefficient 

of  resistance  due  to  the  orifice  of  entry,  and  c^  the 
coefficient  of  velocity  or  discharge  from  a  short  tube. 
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If  the  tube  project  into  the  leservoir,  and  be  of  small 
thickness,  c^  will  be  equal  '715  nearly,  and  therefore 
c^  =  '956 ;  if  the  tube  be  square  at  the  junction,  the 
mean  value  of  c^  will  be  '814,  and  therefore  c,  =  '508; 
and  if  the  junction  be  rounded  in  the  form  of  the  con- 
tracted vein,  c^  is  equal  to  unity  very  nearly,  and  (?, 
=  0.  For  other  forms  of  junction  the  coeflBcients  of 
discharge  and  resistance  will  vary  between  these  limits, 
and  particular  attention  must  be  paid  to  their  values 
in  finding  the  discharge  from  shorter  tubes  and 
those  of  moderate  lengths;   but  in  very  long  tubes 

1  +   c,  becomes  very  small  compared  with  c^   x  -, 

and  may  be  neglected  without  practical  error.  These 
remarks  are  necessary  to  prevent  the  misapplication  of 
the  tables  and  formulae,  as  the  height  due  to  the  velo- 
city and  orifice  of  entry  is  an  important  element  in  all 
calculations  for  short  tubes. 

It  is  considered  imnecessary  to  give  any  formulse  for 
finding  the  discharge  itself,  because,  the  mean  velocity 
once  determined,  the  calculation  of  the  discharge  fi'om 
the  area  of  the  section  is  one  of  simple  mensuration ; 
and  the  introduction  of  this  element  into  the  three 
problems  to  which  this  portion  of  hydraulic  engineering 
applies  itself,  renders  the  equations  of  solution  com- 
plex, though  easily  derived ;  and  presents  them  with 
an  appearance  of  difficulty  and  want  of  simplicity 
which  excludes  them,  nearly  altogether,  from  practical 
application.     The  three  problems  are  as  follows  : — 

I.  Qiven  the  faU^  length,  and  diameter  of  a  pipe  or 
hydraulic  mean  depth  of  any  channel,  to  find  the  dis- 
charge. 

B  2 
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Here  all  that  is  necessary  is  to  find  the  mean 
velocity  of  discharge,  which,  multiplied  by  the  area 
of  the  section  (equal  d?  X  '7854  in  a  cylindrical  pipe), 
gives  the  discharge  sought.  Table  VIII.  gives  the 
velocity  at  once  for  long  channels,  according  to  Du 
Buat,  or  it  can  be  found  from  equation  (119a)  by  calcu- 
lation. Table  IX.  gives  the  discharge  in  cubic  feet 
per  minute  for  diflferent  diameters  of  pipes,  and  veloci- 
ties in  inches  per  second,  when  found  from  Table 
VIII.,  or  formula  (119a).  See  also  Tables  XI.  and 
XII.     For  a  pipe  6  inches  in  diameter,  the  velocity 

PER  SECOND    is  PRACTICALLY  EQUAL    TO  THE    DISCHARGE 

IN  CUBIC  FEET  PER  BONUTE.     Scc  also  the  tables  at 
pp.  28,  29,  270,  and  271. 

II.  Given  the  discharge  and  cross  section  of  a 
channel,  to  find  the  fall  or  hydraulic  inclination. 

If  the  cross  section  be  circular,  as  in  most  pipes, 
the  hydraulic  mean  depth  is  one-fourth  of  the  diameter ; 
in  other  channels  it  is  found  by  dividing  the  water  and 
channel  line  of  the  section,  wetted  perimeter,  or 
border,  into  the  area.  The  velocity  is  foimd  by 
dividing  the  area  into  the  discharge,  and  reducing  it 
to  inches  per  second ;  then  in  Table  VIII.,  under  the 
hydraulic  mean  depth,  find  the  velocity,  corresponding 
to  which  the  fall  per  mile  will  be  found  in  the  first 
column,  and  the  hydraulic  inclination  in  the  second. 
This  result  can  be  corrected  by  trial  and  error  to  accord 
with  formula  (119a),  and  the  table  for  the  values  of  r  « 
and  Vy  p.  234,  calculated  from  it.  See  also  the  tables, 
pp.  28,  29,  270,  and  271. 

III.  Given  the  discharge,  length,  and  fall,  to  find 
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the  diameter  of  a  pipe,  or  hydraulic  mean  depth  and 
dimensions  of  a  channel. 

This  is  the  most  useful  problem  of  the  three. 
Assume  any  mean  radius  r^,  and  find  the  discharge  d^ 
by  Problem  I.     Then  for  cylindrical  pipes 

•  s  t         1> 

^.,4::d»:d::1:    -; 

and  as  r^,  d,  and  d^,  are  known,  ?•«  becomes  also  known, 
and  thence  r.  Table  XIII.  will  then  assist  to  find  r 
with  great  facility.  Thus,  if  r^  =  1  and  d»  was  found 
15,  D  being  33,  then 

1  :  r^  :  :  1  :  ^  :  :  1  :  2*2,  therefore  r^  =  2*2 ; 

and  thence  by  Table  XIII.,  r  =  1'37,  the  mean 
radius  required,  four  times  which  or  5:48  is  the  diameter 
of  the  pipe.  For  other  channels,  the  quantity  thus 
found  must  be  the  hydraulic  mean  depth;  and  all 
channels,  however  varied  in  the  cross  section,  will  have 
the  same  velocity  of  discharge,  when  the  fall,  length, 
and  hydraulic  mean  depth  are  constant.  If  r»  be  as- 
sumed EQUAL  TO    1^  INCH,  THE  VELOCITY  FOUND   FROIVI 

Table  VIII.  will  then  be  the  discharge  in  cubic 
FEET  PER  MINUTE  NEARLY,  and  this  "mean  radius" 
can  always  be  assumed  for  the  first  term  of  the  propor- 
tion.    See  also  the  tables,  pp.  28,  29,  270,  and  271. 

In  order  to  find  the  dimensions  of  any  polygonal 
channel  whatever,  which  will  give  a  discharge  equal  to 
D,  assume  any  channel  similar  to  that  proposed,  one  of 
whose  known  sides  is  «»,  and  find  the  corresponding 
discharge,  d^,  by  Problem  I.,  or  from  Tables  XI.  and 
XII. ;  then,  if  the  lilce  side  of  the  required  channel. 
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be  s,  there  results  the  equation  s  =  «»(  — J  ,  and  thence 

the  numerical  value  from  Table  XIII.  The  result 
can  be  corrected,  as  before,  to  accord  with  any  of  the 
formulflB  by  the  method  of  trial  and  error. 

As  it  frequently  happens  that  deposits  in  and  encrus- 
tations on  a  pipe  take  place  from  time  to  time,  which 
diminish  the  flowing  section  considerably,  it  is  always 
prudent,  when  calculating  the  necessary  diameter,  to 
take  the  largest  coeflBcient  of  friction,  c,,  or  to  double 
its  mean  value,  particularly  for  small  pipes,  when  cal- 
culating the  diameter  from  any  of  the  formulfie.  Some 
engineers,  increase  the  quantity  of  water  by  one-half 
to  find  the  diameter ;  but  much  must  depend  on  the 
peculiar  circumstances  of  each  case,  as  sometimes  less 
may  be  sufficient,  or  more  necessary.     The  discharge 

increases  in  similar  figures,  nearly  as  r«  or  as  Sy  that 
is,  as  the  square  root  of  the  fifth  power  of  the  diameter, 
and  the  corresponding  increase  in  the  diameter  for  any 
given  or  allowed  increase  in  the  discharge  can  be  easily 
found  by  means  of  Table  XIII.,  as  shown  above.  K 
the  dimensions  be  increased  by  one-sixth,  the  discharge 
will  be  increased  by  one-half  nearly ;  and  by  doubling 
the  dimensions  the  discharge  is  increased  in  the  pro- 
portion of  6f  to  1. 

For  shorter  pipes,  it  is  necessary  to  take  into  con- 
sideration the  head  due  to  the  velocity  and  orifice  of 
entry.  Taking  the  mean  coefficient  of  velocity  or 
discharge,  the  head  due  to  the  velocity  and  orifice  of 
entry,  if  it  be  known  is  found  from  Table  II. ;  this 
subtracted  from  the  whole  head,  h,  leaves  the  head,  htf 
due  to  the  hydraulic  inclination,  which  is  that  to  be 
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made  use  of  in  Table  VIII.  If  the  velocity  be  not 
given,  it  can  be  found  approximately ;  then  the  head 
found  for  this  velocity,  due  to  the  orifice  of  entry, 
when  deducted,  as  before,  will  give  a  close  value  of  Af, 
from  which  the  velocity  may  be  determined  with 
greater  accuracy,  and  so  on  to  any  degree  of  approxi- 
mation. In  general,  one  approximation  to  ht  will  be 
sufficient,  unless  the  pipes  be  very  short,  in  which  case 
it  is  best  to  use  equation  (74).  Example  VIII.,  p. 
208,  and  the  explanation  of  the  use  of  the  tables, 
Section  I.,  may  be  usefully  referred  to. 

Tables  XI.,  XII.,  and  XIII.  assist  to  solve  with 
considerable  facility  all  questions  connected  with  dis- 
charge, dimensions  of  channel,  and  the  ordinary  surface 
inclinations  of  rivers.  The  discharge  corresponding 
to  any  intermediate  channels  or  falls  to  those  given  in 
Tables  XI.  or  XII.,  will  be  found  with  abundant 
accuracy,  by  inspection  and  simple  interpolation ;  and 
in  the  same  manner  the  channels  from  the  discharges. 
Rivers  have  seldom  greater  falls  than  those  given  in 
Table  XII.,  but  in  such  a  case,  it  is  only  to  divide 
the  fall  by  4,  then  twice  the  con*esponding  discharge 
will  be  that  required.  Table  XIII.  gives  the  com- 
parative  discharging  powers  of  all  similar  channels, 
whether  pipes  or  rivers,  and  the  comparative  dimen- 
sions from  the  discharges.  It  will  be  perceived  from 
it,  that  an  increase  of  one-third  in  the  dimensions 
doubles,  and  a  decrease  of  one-fourth  reduces  the 
discharge  to  one-half.  By  means  of  this  table,  and 
by  a  simple  proportion,  the  dimensions  of  any  given 
form  of  channel  when  the  discharge  is  known  can  be 
determined.  See  Example  17,  p.  17.  See  also  the 
tables  pp.  28,  29,  270,  and  271. 
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The  mean  widths  in  Tables  XI.  and  XII.  are 
calculated  for  rectangular  channels,  and  those  having 
side  slopes  of  1 J  to  !•  Both  these  tables  are,  how- 
ever, practically,  equally  applicable  to  any  side  slopes 
from  0  to  1  up  to  2  to  1,  or  even  higher  when  the 
mean  widths  are  taken  and  not  those  at  top  or  bottom. 
A  semihexagon  of  all  trapezoidal  channels  of  equal 
area  has  the  greatest  discharging  power,  and  the  semi- 
square  and  all  rectangles  exactly  the  same  as  channels 
of  equal  areas  and  depths  with  side  slopes  of  1 J  to  1. 
The  maximum  discharge  is  obtained  between  these 
for  the  semihexagon  with  side  slopes  of  nearly  J  to  1, 
but  for  equal  areas  and  depths  the  discharge  decreases 
afterwards  as  the  slope  flattens.  The  question  of 
"how  much?"  is  here,  however,  a  very  important 
one ;  for,  as  already  pointed  out  in  equations  (28)  and 
(81),  the  differences  for  any  practical  purposes  may  be 
immaterial.  This  is  particularly  so  in  the  case  of 
channels  with  different  side  slopes,  if,  instead  of  the 
top  or  bottom,  the  mean  width  is  made  use  of  to 
calculate  from.  Then  it  is  only  to  subtract  the  ratio 
of  the  slope  multiplied  by  the  depth  to  find  the 
bottom,  and  add  it  to  find  the  top.  If  the  mean  width 
be  50  feet,  the  depth  5  feet,  and  the  side  slopes  2  to  1, 
then  50  —  (2  X  6)  =  40  for  the  bottom,  and  50  + 
(2x5)  =  60  for  the  top  width. 

Side  slopes  of  2  to  1  present  a  greater  difference 
from  the  mean  slope  of  IJ  to  1,  than  any  others  in 
general  practice  when  new  cuts  are  to  be  made.  A 
triangular  channel  having  slopes  of  2  to  1,  and  bottom 
equal  to  zero,  differs  more  in  its  discharging  power 
from  the  half  square,  equal  to  it  in  depth  and  area. 
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than  if  the  bottom  in  each  was  equally  increased,  yet 
even  here  it  is  easy  to  show  that  this  maximum  differ- 
ence is  only  5^  per  cent.  If  the  bottom  be  increased 
so  as  to  equal  the  depth,  it  is  only  4^  per  cent. ;  when  . 
equal  to  twice  the  depth,  8'8  per  cent.;  and  when 
equal  to  four  times  the  depth,  to  2  per  cent. ;  while 
the  differences  in  the  dimensions  taken  in  the  same 
order  are  only  2*2,  1*8,  1*5,  and  0*8  per  cent.  For 
greater  bottoms  in  proportion  to  the  depth  the  differ- 
ences become  of  no  comparative  value.  It  therefore 
appears  pretty  evident,  that  Tables  XI.  and  XII.  will 
be  found  equally  applicable  to  all  side  slopes  from  0 
to  1  up  to  2  to  1,  by  taking  the  mean  widths.  When 
new  cuts  are  to  be  made,  there  is  no  reason  whatever 
in  starting  from  bottom  rather  than  mean  widths,  to 
calculate  the  other  dimensions ;  indeed  the  necessary 
extra  tables  and  calculations  involved  ought  entirely 
to  preclude  us  from  doing  so.  Besides,  the  formulsB 
for  finding  the  discharge  vary  in  themselves,  and  for 
different  velocities  the  coefficient  of  friction  also 
varies**  Added  to  which  the  inequalities  in  every 
river  channel,  caused  by  bends  and  unequal  iiegimen, 
preclude  altogether  any  regularity  in  the  working 
slopes  and  bottom,  though  the  mean  width  would 
continue  pretty  imiform  under  all  circumstances. 

*  The  coefficient  m  in  the  formula  v  =  m  {r  sy  in  rivers  for  veloci- 
ties from  8  inches  to  3  feet  per  second,  varies  from  about  72  to  103  ; 
yet,  strange  to  say,  most  tables  are  calculated  from  one  coefficient 

alone;  or,  rather,  from  a  formula  equivalent  to  94*17  {rsy,  which 
gives  results  suited  to  a  velocity  of  16  inches  only.  Dimensions  of 
channels  calculated  by  means  of  this  formula  are  too  small  in  one  case, 
and  too  large  in  the  other.  In  pipes,  the  variation  of  the  coefficients 
is  shown  in  the  small  tables,  pp.  229  and  231. 
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The  quantities  in  Table  XII.  are  calculated,  from 
the  velocities  found  from  Table  VIII.,  to  correspond 
to  a  channel  70  feet  wide  and  of  diflferent  depths,  the 
equivalents  to  which  are  given  in  Table  XI.  In 
order  to  apply  these  tables  generally  to  all  open 
channels,  the  latter  are  to  be  reduced  to  rectangular 
ones  of  the  same  depth  and  mean  width,  or  the 
reverse,  as  already  pointed  out.  If  the  dimensions 
of  the  given  channel  be  not  within  the  limits  of 
Table  XI.,  divide  the  dimensions  of  the  larger 
channels  by  4,  and  multiply  the  corresponding  dis- 
charge found  in  Table  XII.  by  82;  for  smaller 
channels,  multiply  the  dimensions  by  4,  and  divide  by 
82.  In  like  manner,  if  the  discharge  be  given  and 
exceed  any  to  be  found  in  Table  XIII.,  divide  by  82, 
and  multiply  the  dimensions  of  the  suitable  equivalent 
channel  found  in  Table  XI.  by  4.  If  it  be  desirable  to 
find  equivalent  channels  of  less  widths  than  10  feet  for 
small  discharges,  multiply  the  discharge  by  82,  and 
divide  the  dimensions  of  the  corresponding  equivalent 
by  4.  Many  other  multipliers  and  divisors  as  well  as 
4  and  82  may  be  found  from  Table  XIII.,  such  as  8 
and  16-6,  6  and  88-2,  7  and  180,  9  and  248,  10  and 
316,  12  and  499,  &c.  The  differences  indicated  at 
pages  212  and  218,  must  be  expected  in  the  application 
of  these  rules,  which  will  give,  however,  dimensions  for 
new  channels  which  can  be  depended  on  for  doing  their 
duty.     The  Tables,  pp.  270,  271,  are  also  applicable. 

It  will  be  seen  from  Table  XIII.  that  a  very  small 
increase  in  the  dimensions  increases  the  discharging 
power  very  considerably.  Table  XII.  also  shows  that 
a  smaU  increase  in  the  depth  alone  adds  very  much  to 
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the  discharge.     If  in  this  latter  case  a  small  increase 

in  the  depth,  d,  be  expressed  by  — ,  then  it  is  easy  to 

prove  that  the  corresponding  increase  in  the  velocity, 

V,  will  be  p^;   and  that  in  the  discharge  d,  - — ,  if 
2  n  2  n 

the  surface  inclination  continue  unchanged ;  but  as  it 
is  always  observable  in  rivers  that  the  surface  inclina- 
tions increase  with  floods,  the  differences  in  practice 
will  be  found  greater  than  these  expressions  make  it. 
As  in  a  large  river  the  surface  inclination  must  be  very 
small,  four  times  the  fall  will  add  very  little  to  the 
sectional  area ;  yet  this  increase  of  fall  would  double 
the  discharge,  and  thence  may  be  perceived  how  tribu- 
taries can  be  absorbed  into  the  maip  channel  without 
any  great  increase  to  its  depth. 


SECTION  IX. 

BEST  FORMS  OF  THE  CHANNEL. — ^REGIMEN. — VELOCITY. — 
EQUALLY  DISCHARGING  CHANNELS. 

The  determination  of  the  hydraulic  mean  depth 
does  not  necessarily  determine  the  section  of  the 
channel.  If  the  form  be  a  circle,  the  diameter  is  four 
times  the  mean  radius;  but,  though  this  form  be 
almost  always  adopted  for  pipes,  the  beds  of  rivers 
take  almost  every  curvilineal  and  trapezoidal  shape. 
Other  things  being  the  same,  that  form  of  a  river 
channel,  in  which  the  area  of  the  cross  section  divided 
by  the  border  is  a  maximum,  is  the  best.     This  is  a 
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semicircle  having  the  diameter  for  the  surface  line, 
and  in  the  same  manner,  half  the  regular  figures,  an 

octagon,  hexagon,  and 
square,  in  Fig.  33,  are 
hetter  forms  for  the 
channel,  the  areas  and 
side  slopes  being  con- 
stant, than  any  others 
of  the  same  number  of 
sides.  Of  all  rectangular  channels,  Diagram  4,  in 
which  A  B  c  D  is  half  a  square,  is  the  best  cross  section ; 
and  in  Diagram  3,  a  c  d  b,  half  a  hexagon,  is  the  best 
trapezoidal  form  of  cross  section.  When  the  width 
of  the  bottom,  c  d,  Diagram  3,  is  given,  and  the  slope 

A  a 

—  =  n,  then,  in  order  that  the  discharge  may  be  the 

c  a 

greatest  possible. 


c  a 


=  j - P 


and 


CD  =  —  — tixca 
c  a 

in  which  a  is  the  given  area  of  the  channel.  As,  however, 
a  river  has  never  been  known  in  which  the  slope  of  the 
natural  banks  continued  uniform,  even  although  made 
so  for  any  improvements,  it  is  not  necessary  to  give 
tables  for  different  values  of  n.  If,  notwithstanding, 
<^  be  put  for  the  inclination  of  the  slope  a  c,  equal  angle 

c  A  a;  then  as  cot.  <^  =  n,  and  s/^^a    •    -^  =  __ , 

sm.  <^ 
the  foregoing  equations  become 
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(120.)      ca:^    f     A8in.0    U^ cj^ 

(2  -  co8.<^J         2{0i3  +  l)i-n}; 
and 

(121.)  cD  =  —  -cax  cot.  <^,* 

c  a 

which  will  give  the  best  dimensions  for  the  channel 

when  the  angle  of  the  slope  for  the  banks  is  known. 

When  the  discharge  from  a  channel  of  a  given  area, 
with  given  side  slopes,  is  a  maximum,  it  is  easy  to 
prove  that  the  hydraulic  mean  depth  must  be  half 
OP  the  central  or  greatest  depth.  This  simple 
principle  gives  the  construction  of  the  best  form  of 
channel  with  great  facility.  Describe  any  circle  on  the 
drawing-board ;  draw  the  diameter  and  produce  it  on 
both  sides,  outside  the  circle;  draw  a  tangent  to  the 
lower  circumference  parallel  to  this  diameter,  and  draw 
the  side  slopes  at  the  given  inclinations,  touching  the 
circumference  also  on  each  side  and  terminating  on  the 
parallel  lines:  the  trapezoid  thus  formed  wiU  be  the 
best  form  of  channel,  and  the  width  at  the  surface  will 
be  equal  to  the  sum  of  the  two  side  slopes.  It  is  easy  to 
perceive  that  this  construction  may  be,  simply,  extended 
for  finding  the  best  form  of  a  channel  having  any  poly- 
gonal border  whatever  of  more  sides  than  three  and  of 
given  inclinations. 

Commencing  with  the  best  discharging  form  of 
channel,  which  in  practice  will  have  the  mean  width, 
about  double  the  depth  ;  an  equally  discharging  section 
of  double  the  width  of  the  first  will  have  the  contents 

•  When  c  D  =  0.  The  channel  is  triangular ;  and  A  =  c  a'  x  cot  ^ 
and  ca=  /"-i— V, 

Vcot.   0/ 
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one-eleventh  greater,  and  the  depth  less  in  the  pro- 
portion of  1  to  1'85.  A  channel  of  double  the  mean 
width  of  the  second  must  have  the  sectional  area  further 
increased  by  about  one-fifth,  and  a  further  decrease  in 
the  depth  from  1'67  to  1  nearly.  The  glreater  expanse 
of  the  excavation  at  greater  depths  will,  in  general, 
more  than  coimterbalance  these  differences  in  the 
contents  of  the  channel.  When  the  banks  rise  above 
the  flood  line,  and  are  unequal  in  their  section,  the 
wider  channel  involves  further  upper  extra  cutting, 
but  there  is  greater  capacity  to  discharge  extra  and 
extraordinary  flooding,  the  banks  are  less  liable  to 
slip  or  give  way,  the  slopes  may  be  less,  and  the 
velocity  being  also  less,  the  regimen  will,  in  general, 
be  better  preserved.  The  table  of  equally  discharging 
channels,  p.  270,  will  afford  the  means  of  calculating 
the  difference  of  the  cubical  contents. 

When  the  sectional  area  is  given,  the  following 
table  shows  that  the  semicircle  is  the  best  discharging 
channel,  and  the  complete  circle  the  worst ;  the  latter 
is  so,  however,  only  compared  with  the  open  channels 
given  in  the  table,  it  being  the  best  form  for  an  enclosed 
channel  flowing  full.  The  best  form  of  an  open  channel 
18  particularly  suited  for  new  cuts  in  flat,  marsh, 
caUow,  and  fen  lands,  in  which  it  is  also  often  advis- 
able  to  cut  them  with  a  level  bed,  up  from  the  dis- 
charging point,  in  order  to  increase  the  hydraulic 
mean  depth,  and  consequently  the  velocity  and  dis- 
charge. 

As  the  quantity  of  water  coming  down  a  river 
channel  in  a  season  varies  very  considerably, — the 
author  has  observed  it  in  one  case  to  vary  from  one  to 
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thirty,  and  occasionally  in  the  same  channel  from  one 
to  seventy-five, — the  proportion  of  the  water  section 
to  the  channel  itself  must  also  vary,  and  those  rela- 
tions of  the  depth,  sides,  and  width  to  each  other, 
above  referred  to,  cease  to  hold  good,  and  be  the  best 
under  such  circumstances.  If  tlie  object  be  to  con- 
struct a  mill-race,  temporary  drain  for  unwatering  a 
river,  or  other  small  channel,  in  which  the  depth 
remains  nearly  constant,  channels  of  the  form  of  a 
half  hexagon,  diagram  8,  Fig.  83,  will  be,  perhaps,  the 
best,  if  the  tenacity  of  the  banks  permit  the  slope ; 
but  rivers,  in  which  the  quantity  of  water  varies  consi- 
derably, require  wider  channels  in  proportion  to  the 
depth ;  and  also,  that  the  velocity  be  so  proportioned 
to  the  tenacity  of  the  soil,  or  as  it  is  termed  **  the 
regimen,^'  that  the  banks  and  bed  shall  not  vary  from 
time  to  time  to  any  injurious  extent,  and  that  any 
deposits  made  during  their  summer  state,  and  during 
light  freshes,  shall  be  carried  off  periodically  by 
floods.  Another  circumstance,  also,  modifies  the 
effects  of  the  water  on  the  banks.  It  is  this,  that  at 
curves,  and  turns,  the  current  acts  with  greatest  effect 

against  the 
bank,  concave 
to  the  direc- 
tion in  which 
it  is  moving; 
deepening  the 
channel  there; 
undermining  also  the  bank,  as  at  a.  Fig.  84;  and 
raising  the  bed  to  the  opposite  side  b.  The  reflection 
of  the  current  to  the  opposite  bank  from  a  acts  also 
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in  a  similar  mannery  lower  down,  npon  it;  and  this* 
natural  operation  proceeds^  until  the  number  of  tums> 
increased  length  of  channel,  and  loss  of  head  from 
reflexion  and  unequal  depths,  bring  the  currents  into 
regimen  with  the  material  in  the  bed  and  banks.  At 
all  bends  it  is,  therefore,  prudent  to  widen  the  channel 
on  the  convex  side  b,  and  protect  the  concave  side  a, 
Fig.  84,  in  order  to  reduce  the  velocity  and  its  effects ; 
and  if  the  bed  be  here  also  sunk  below  its  natural 
inclination,  as  it  may  be  seen  in  most  rivers  at  bends, 
the  velocity  will  be  farther  reduced,  and  the  per- 
manence of  the  bed  better  established. 

The  circumstances  to  be  considered  in  deciding  on 
the  dimensions  and  fall  of  a  new  river  course,  after  the 
depth  to  which  the  surface  of  the  water  is  to  be 
brought  has  been  decided  on,  are  the  following : — 

IThe  mean  velocity  must  not  be  too  slow,  or  aquatic 
plants  will  grow,  and  deposits  take  place,  reducing 
the  sectional  area  until  a  new  and  smaller  channel  is 
formed  within  the  first  with  just  sufficient  velocity 
to  keep  itself  clear.  This  velocity  should  not  in 
general  be  less  than  fi-om  ten  to  fourteen  inches  per 
second.  The  velocity  in  a  canal  or  river  is  in- 
creased very  considerably  by  cutting  or  removing 
reeds  or  aquatic  plants  growing  on  the  sides  or 
bottom.* 

*<*]£.  Giiaid  a  &it  observer,  avec  laison,  que  les  plantes  aqnatiqnes, 
qui  doissent  tonjonn  snr  le  fond  et  snr  les  berges  des  canftnx,  ang- 
mentent  considteblement  le  perimdtre  monill^,  et  par  snite  la  resist- 
ance ;  il  a  rapelie  qne  Da  Bait,  ayant  mesar^  la  vitesse  de  Teaa  dans 
le  canal  dn  Jard,  avant  et  aprto  la  conpe  des  roseaax  dont  il  ^tait  garni, 
avait  troayi  on  lesoltat  bien  moindre  avant  qa*aprds.  En  cons^nence, 
il  a  presqae  doable  la  pente  donn^  par  le  calcol    .    .    /'—Traits 

8 
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The  mean  velocity  must  not  be  too  quick,  and 
should  be  so  determined  as  to  suit  the  tenacity  and 
resistance  of  the  channel,  otherwise  the  bed  and 
banks  will  change  continually,  unless  artificially  pro- 
tected ;  it  should  not  exceed 


25  feet 

per  minute 

in  soft  allinrial  deposits. 

^0        , 

clayey  beds. 

60        , 

sandy  and  silty  beds. 

120        , 

graveUy. 

180        , 

strong  gravelly  shingle. 

240        , 

sbingly. 

800 

9                  » 

shingly  and  rocky. 

400  and 

upwards 

in  rocky  and  shingly.  • 

d*Hydranliciue,  p,  185,  When  the  fall  does  not  eJDseed  a  few  inches 
per  mile,  the  Telocity,  as  determined  from  the  inclination,  is  very 
uncertain,  and  for  this  reason  it  is  always'  prudent  to  increase  the 
depths  and  sectional  areas  of  channels  in  flat  lands,  as  fiEir  as  the 
regimen  will  permit  In  such  cases  the  section  of  the  channel  should 
approximate  towards  the  best  form.    3ee  pp,  192  and  255, 


*  TABLS  or  TXLOOITIES  0¥  SOMK  MOTIHO  BODIXS  OOMPABXD  WITH  THOSE  OP  |UTBBS 

Objects  in  motion. 

M 

1^1 

Objects  in  motion. 

IM 

l&l 

Current  of  slow  rlvera  . 

A 

1 

RaQway  trains,  German 

24 

6»i 

Currents    of    ordlnaty 

riTors  up  to 

H 

l8 

isat3y>Pahr.    .       . 

743 

1,090 

CurrentB  of  rapid  riyers 

7 

Ditto  60O  Fahr.         .    . 

7($5 

1,122 

Manwalking    .       .    . 

3 

lot 

Air  rushing  into  vacuum 

850 

1,247 

Horee  trotting      . 
Swiftest  iMo^orse  .    . 

7 

Ditto  when  the  baro- 

00 

88 

meter  stands  at  30 

Moderate  winds    . 

7 

10* 

inches. 

917 

1,344 

Storms      .... 

36 

621 

850 

i;247 

Hurricanes    . 

80 

117i 

Rifle-baU  .... 

1,000 

1,467 

Swift    English   steam- 

Cannon-ball  . 

1,091 

1,600 

boats  navigattng  the 

Bullet  discharged  from 

ffli^^nTt«^]if        .       .    , 

14 

m 

air-gun,     air     being 

Swift  American    rfyer 

compressed  into  the 
hundredth  part  of  its 

steamers    . 

18 

n 

Past  sailing  vessels  .    . 

12 

volume  .       .       .    . 

477 

700 

Railway  trains,  English 

32 

47 

A  point  on  earth's  sur- 
face at  the   equator 

„          „    American 

18 

13 

..      Belgian. 

25 

moving  round  the  axis 

1,040 

1,525 

„           „      French. 

27 

39^ 

Earth  moving  round  sun 

68,182 

100,000 
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A  velocity  of  180  feet  per  minute  will  remove 
angular  stones  the  size  of  an  egg.  Mr.  Phillips, 
under  the  Metropolitan  Commissioners  of  Sewers, 
states  that  2^  feet  per  second,  or  160  feet  per  minute, 
is  sufficient  to  prevent  soil  depositing  in  sewers. 

The  fall  per  mile  should  decrease  as  the  hydraulic 
mean  depth  increases,  and  both  be  so  proportioned 
that  floods  may  have  sufficient  power  to  carry  off  the 
deposits,  if  any,  periodically.  The  proportion  of  the 
width  to  the  depth  of  the  channel  should  not  be 
derived,  for  new  cuts  or  river  courses,  from  any 
formula,  but  taken  from  such  portions  of  the  old 
channel  as  approximate  in  depth  and  in  the  inclina- 
tion of  the  surface  to  that  proposed.  When  the 
depth  is  nearly  half  the  width,  the  formula  shows, 
cceteris  paribus,  that  the  discharge  will  be  a  maximum; 
but  as  (altogether  apart  from  the  question  of  expense) 
the  quantity  of  water  discharged  daily,  at  different 
seasons,  may  vary  from  one  to  seventy,  and  more,  and 
"  the  regimen,''  has  to  be  maintained,  the  best  pro- 
portion between  the  width  and  depth  of  a  new  cut 
should  be  obtained,  as  stated,  from  some  selected 
portion  of  the  old  channel,  whose  general  circum- 
stances and  surface  inclination  approximate  to  those 
of  the  one  proposed ;  and  the  side  slopes  of  the  banks 
must  be  such  as  are  best  suited  to  the  soil.  The 
resistance  of  the  banks  to  the  current  being  in  general 
less  than  that  of  the  beds,  which  get  covered  with 
gravel,  and  the  necessary  provision  required  for  floods, 
appears  to  be  the  principal  reason  why  rivers  are  in 
general  so  very  much  wider  than  about  twice  the 
depth,  the  relation  which  gives  the  minimimi  of  friction.. 

8  2 
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The  following  Table  is  given  by  Rennie,  as  an 
approximation,  generally,  to  the  actual  state  of  rivers.* 
The  surface  inclinations,  however,  given  in  this  table 
for  the  first  and  second  classes,  are  very  considerable 
for  large  rivers,  and  would  give  velocities  which  would 
effectually  scour  them.     For  a  hydraulic  mean  depth 

of  12  feet,  the  velocity,  with  a  fall  of  ,   would  be 

2  feet  8  inches  per  second  by  Du  Buat*s  formula ;  and 
3'3  feet  per  second  by  our  formula.  The  description, 
therefore,  can  only  apply  to  smaller  channels.     In 

fact,  4  inches  to  a  mile,  or  ■  ^,  ,^,  is  a  considerable  in- 

15740 

clination  for  a  large  river.  From  Carrick-on-Shannon 
to  Killaloe,  a  distance  of  110  miles,  the  average  fall  is 
only  about  4  inches  per  mile  on  the  river  Shannon  ; 
and  the  portion  between  Athlone  and  the  river  Suck 
below  Shannon  bridge  the  fall  varies  from  '7  to  l^inch 
per  mile.  The  Table  of  the  **  Falls  on  the  Shannon" 
(p.  262)  explains  practically  the  defects  in  Bennie's 
Table,  or  of  any  tabular  arrangement  that  omits  the 
size  and  hydraulic  mean  depth  of  the  river  channel. 
The  mean  velocity  and  quantity  flowing  remaining  the 
same,  the  hydraulic  mean  depth  increases  as  the  sur- 
face inclination  decreases,  and  in  the  same  ratio.  The 
increase  of  surface  inclination  and  of  velocity  are  the 
indices  of  obstructions  in  the  channel,  with  this  differ- 
ence, that  the  obstructions  are  caused  by  the  velocity 
where  the  surface  inclination  is  generally  steep ;  but 
the  obstructions  cause  the  increase  of  velocity  where 
the  inclination  is  generally  flat. 

*  Report  to  the  British  Association,  1834 

Digitized  by  VjOOQ  IC 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS, 


261 


DISmiCnTB  ATTSIBUm 
or  TBS 

VABXous  Kivm  or  bitebs. 


3^  - 

$ 


Channels  wherein  the  resist-^ 
ance  from  the  bed,  and  other 
obstacles,  equal  the  quantity  of 
current  acquired  from  the  de-  ■  ^  . 
clivity ;  so  that  the  waters  would  '' 
stagnate  therein,  were  it  not  for 
the  compression  and  impulsion 
of  the  upper  and  back  waters  .. 


nbs 


14 


Artificial  canals  in  the  Dutch 
and  Austrian  Netherlands   .    . 


2nd. 


180 


6| 


TofO 


Rivers  in  low,  fiat  countries, ) 
full  of  turns  and  windings,  and  / 
of  a  very  slow  current,  subject  >  Srd. 
to  frequent  and  lasting  inunda-  ( 
tions J 


120 


10 


Who 


Riyera  in  most  countries  that ) 
are  a  mean  between  flat  and/ 
hilly,  which  have  good  currents,  (  .  ^ 
but  are  subject  to  overflow ;  also  f 
the  upper  parts  of  riven  in  flat  I 
countries j 


IJ 


80 


15 


idbo 


n 


Rivere  in  hilly  countries  with  ] 
a  strong  current,  and  seldom/ 
subject  to  inundations;  also  <dl  I  j..* 
rivers  near  their  sources  havef 
this  declivity  and  velocity,  and  I 
often  much  more     .        .        .J 


Rivers  in  mountainous  coun-  ] 
tries  having  a  rapid  current  and  f  ^^ 
straight  course,  and  very  rarely  ( 
overflowing  •     •  ) 


55 


218 


dbD 


40 


80 


Riven  in  their  descent  from  \ 
long  mountains  down  into  the  f 
plains  below,  in  which  plains 


24     50 


they  run  torrent-wise 


1006 


2i 


Absolute     torrents     among  i  «, 
i  mountains  .        .        .        .       ' 


15 


80 


I7a) 
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FALLS  THE  22nD  AUGUST,  1861  (BY  UR.  BATEMAN),  ON  THE  SHANNON 
BETWEEN  ATHLONB  AND  VICTORIA  LOCK^    MEELICK. 

Bepott,  May,  1863. 


Height  over 

upper  Bill 

of  Victoria 

Lock. 

FalL 

Distance. 

^sr 

Athlone 

Shannon  bridge . 
Banagher       .        ... 
Victoria  f  XKik,  MeeUck      . 

ft.    in, 
16      2 
14      8 
12      3 
8    10 

ft.    in. 

l"  6 

2  5 

3  5 

miles 
14i 

inches 

l'263 
3-411 
9111 

NATURAL  FALLS  ON  THE  RIVER  SHANNON  (BY  MR.    LYNAM). 

Report,  April,  1867. 


Names  of  Places. 


Falls. 


In  the 
river. 


i 

5 


Fall  per 
mile. 


From  Carriok  on  Shannon  to  Jamestown 

Bridge 

Thenoe  to  JAmestown  Weir 
Fall  over  Jamestown  Weir  . 
Thenoe  to  Albert  Lock      . 
Thence  to  the  head  of  Booeky  Fall 
Thence  to  Roosky  Weir    . 
Fall  over  RoosW  Weir.       .        .       .    . 
From  Roosky  Weir  to  TarmonlMrry  Weir 
Fall  over  Tarmonbanj  Weir 
From  Tarmonbany  Weir  to  Lanesboro 
Thence  to  Athlone,  head  of  the  Fall    . 
Thenoe  to  the  Weh*   .... 
Fall  over  Athlone  Weir 
/From  Athlone  Weir  to  River  Suck. 
Thence  to  Banaghor    .... 
1  Thence  to  Counsellor's  Ford  . 
I  Thence  to  Meellck  Weir     ... 

Fall  over  Meelick  Navigation  and  Eel 

I    Weirs 

From  Meelick  to  Portumna 
Thence  to  Killaloe  Pier  head    . 
Thence  to  Killaloe  Weir  head      . 
Fall  over  Killaloe  Weir  at  the  head,^ 

2ft.  6in I 

Fall  over  Killaloe  Weir  at  the  lower  [ 

end,  8  ft.  Sfai ) 

Thence  to  Killaloe  Bridge 

Total 

In  river ,       . 

Additional  fUl  at  Tarmonbarry  left  out 
above  to  suit  the  heights  of  the  water 
there 


Whole  fall 


ft.  in. 


0  0 

1  0 


1  11 
0    24 
0    6 

2**6 


0  10^ 

1  114 

0  9 

1  1 


0  7 
0  64 
0    3 


1    1 


ft.  in. 


2    4 


1    6 
6**6 


2    4 


6    8 


2    9 


miles 
54 


I 
*74 

n 

174 
2 

is 

8 
2 
2 

h 
8 
2$) 


19    9 


21    0 
16    9 


1    1 


111 


37  10 


inches 

1-64 
6  00 

6-67 
0-36 
4-00 

4-66 


6*50 


The  faU  fh)m  Killaloe  to  Limerick  \b  about  97  foot  in  about  ISjnllOT. 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS, 


263 


The  following  information  with  reference  to  the  sur- 
£Eice  inclinations  of  the  Thames^  is  also  from  Bennie's 
Beport  on  Hydraulics,*  as  a  branch  of  engineering 
science* 


Namee  of  places 

Length. 

PftlL 

FtiUIn 

feet  per 

mile. 

Ratio 
of  inclina- 
tions. 

From  Tiechlade  at  St  John's 
Bridge  to  Oxford  at  FoUy 
Bridee        .        «        .     . 

From  Oxford  to  Abingdon 
Bridge     .... 

From  Abingdon  to  Walling- 
ford  Brieve.        .        .     . 

From  Wallingford  to  Bead- 
ing Bridge 

From  Kftading  to  Henley 
Bridge        .... 

From  Henley  to  Marlow 
Bridge    .... 

From  Marlow  to  Maidenhead 
Bridge        .... 

From  Maidenhead  Bridge  to 
Windsor  Bridge 

From  Windsor   to   Staines 

From    Staines  to  Chertsey 

Bridge     .... 
From  Chertsey  to  Tedding- 

ton-Lock    .... 
From   Teddington-Lock   to 

London  Brioge 
From   London   to   Tantlet 

Greet 

From  Lechlade  to  Yantlet 

Creek      .... 

Deduct.                .    . 

From  Lechlade  to  London  . 

miles  fur. 

28     0 

9     0 

14    0 

18  0 
9    0 
9    0 
8    0 

7  0 

8  0 
4    6 

13    6 

19  0 
40    0 

fset  in. 

47     0 
13  11 
27    4 
24    1 
19    3 

12  2 
15    1 

13  6 
15    8 

6    6 

19    8 

2    9 

2    1 

1-68 
1-73 
1-95 
1-31 
2-14 
1-35 
1-86 
1-93 
1-96 
1-44 
1-45 
•145 
•062 

xtVt 
XTJVr 

T5T,6T7 

186    4 
40    0 

218    0 

146    4 

For  enclosed  channels,  the  circular  form  of  sewer 
*  Report,  for  1884,  of  the  British  Association. 
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will  have  the  largest  scouring  power,  at  a  given 
hydraulic  inclination.  For  then  the  area  of  the  sections 
being  the  same,  the  velocity  in  the  circular  channel 
will  be  a  nfistTimnnn-  *When  the  supply  is  intermit- 
tent,  and  the  channel  too  large,  the  egg-shaped  form 
with  the  smaller  end  for  the  bottom, — or  the  sides 
vertical  with  an  inverted  ridge-tile  or  V  bottom  for 
drains, — will  have  a  hydrostatic  flushing  power  to 
remove  soil  and  obstructions,  which  a  cylindrical 
channel,  only  partly  full,  does  not  possess ;  because 
a  given  quantity  of  water  rises  higher  against  the  same 
obstruction,  or  obstacle,  to  the  flow  in  the  pipe.  It 
must  be  confessed,  however,  that  for  small  drains  and 
house-sewage,  this  gain  is  immaterial,  and  is  at 
best  but  effected  by  a  sacrifice  of  space,  material,  and 
friction  in  the  upper  part  of  drains,  from  6  to  12  inches 
in  diameter.  Besides  this,  the  mere  hydrostatic  pres- 
sure is  only  intermittent,  and  during  an  ordinary,  or 
heavy,  fall  of  rain,  the  hydrodynamic  power  is  always 
more  efficient  in  scouring  properly-proportioned  cylin- 
drical drains ;  and  the  workmanship  in  the  form  and 
joints  is  less  imperfect  than  for  more  compound  forms, 
as  those  with  egg-shaped  and  inverted  tile  bottoms. 
The  moulds  and  joints  of  cylindrical  stone-ware  drains, 
exceeding  12  inches  in  diameter,  are  seldom,  however, 
in  large  quantities  perfect;  and  the  expense  would 
exceed  that  of  brick,  stone,  or  other  sufficient  drains 
in  many  localities. 

As  to  the  increased  discharging  power  which  it  is 
asserted  by  some,  stone-ware  cylindrical  drains  pos- 
sess over  other  ordinary  drains,  no  doubt  it  is  true  for 
small  sizes,  because  the  form,  jointing,  and  surface  are 
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in  general  more  smooth  and  circular ;  and  for  sewage 
TTUitter,*  the  Motion  and  adherence  to  the  sides  and 
bottom  is  less;  any  advantage  from  these  causes 
becomes,  however,  immaterial  for  the  larger  sizes,  as 
these  can  be  constructed  of  brick  or  stone  abundantly 
perfect  to  any  form,  and  sufficiently  smooth  for  all 
practical  purposes,  for  in  the  larger  properly-propor- 
tioned sizes  the  same  amount  of  surface  roughness 
opposed  to  the  sewage  matter  is,  comparatively,  of  no 
effect.  The  judicious  inclination  and  form  of  the 
bottom,  and  properly  curved  junctions,  are  the  principal 
points  to  be  attended  to.  Smaller  drains  tile-bottomed, 
with  brick  or  stone  sides,  and  flat-covered,  have  one 
great  advantage  over  circular  pipes,  f  They  can  be 
opened  up,  for  examination  and  repairs  at  any  time 
with  facility,  and  at  the  smallest  expense ;  but  greater 
certainty  must  be  attached  to  the  working  of  small 
stone-ware  drains  than  to  equaUy-sized  small  brick  or 
stone  drains,  and  they  will  be  found,  in  general, 
also  cheaper.  This,  however,  depends  on  the 
locality. 

It  may  be  observed  in  numerous  experiments,  that 


*  Weisbach  fotind  the  coefficient  of  resistance  1  '75  times  as  great  for 
Bmall  wooden  as  for  metallic  pipes.  All  permeable  pipes  present  greater 
resLstance  than  impermeable  ones;  hence  the  principle  advantage 
derived  from  glazing. 

f  Half-socket  joints  at  bottom  would  remedy  this  imperfection  in 
smaU  pipes,  and  they  could  be  better  laid  and  cemented.  A  semi- 
drcnlar  flange  laid  on  at  top  would  effectually  protect  the  joint  on  the 
upper  side.  Latterly  Doulton  has  cut  off  an  upper  segment  from  the 
pipe,  which  can  be  removed  for  cleaning.  And  it  maybe  demon- 
strated, that  when  this  is  a  segment  of  78^  degrees,  the  lower  portion 
will  discharge  more  than  a  full  pipe  at  the  same  inclination. 
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water  flowing  from  a  pipe  does  not  entirely  fill  the 
orifice  of  exit,  when  the  velocities  are  not  considerable, 
and  yet  the  results  are  found  to  be  but  slightly  affected 
if  a  little  more  than  three-fourths  of  the  circum- 
ference be  fiiU.  It  is  easy  to  demonstrate  that  the 
full  circle  does  not  give  the  maximum  discharging 
velocity  as  has  been  generally  believed,  but  when 
p.     34^  filled     to    the     height   of 

the  chord  a  c  of  arc  aee 
of  78  J  degrees,  and  where 
the  velocity  is  9^  pec 
cent,  over  that  due  to  the 
full    circle,    for  then  the 

area  ad  c  • 

=-  is  a  maximum, 

arc   a  a  e 

and  the  length  of  the  arc 

adc  is  equal  to  the  tangent 

of   the    supplemental  arc 

a  e  c,  as  may  be  without  difficulty  demonstrated.    The 

hydraulic  mean  depths  of  the  circle  and  larger  segment 

are  to  each  other  as  '5  to  "6,  and  their  square  roots, 

which  are  as  the  velocities  or  scouring  powers,  are  as 

1  to  1*095.     The  discharging  powers  are  to  each  other 

as  1  X  8-1416  to  1*095  x  2*946,  or  as  1  to  1-026, 

which  shows  that  the  segment  a  dc  has  also  a  greater 

discharging  power  than  the   whole    circle   of  nearly 

three  per  cent.     These  facts,  which  were  first  pointed 

out  by  the  author,  are  not  unimpoi'tant  in  matters 

connected  with  drain-pipes  and  sewerage.     The  effects 

of  greater  velocity  and  discharge  here  pointed  out,  are 

sometimes    increased,  in  short  pipes,   from   the  fall 

between  the  surface  a  c,  and  the  surface  from  which 
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the  head  is  measured,  being  gi*eater  than  the  fall 
to  the  top  of  the  pipe  at  e,  or  from  the  inclination  of 
the  surface  of  the  water  in  the  pipe  being  greater  than 
the  inclination  of  the  pipe  itself. 


EQUALLY  DISCHARGING  CHANNELS, 

In  order  that  different  channels  should  have  the 
same  discharging  power,  the  inclination  of  the  surface 
being  the  same,  the  areas  must  be  inversely  as  the 
square  roots  of  the  hydraulic  mean  depths.  The 
channel  a  dcB,  Fig.  35,  will  have  tlie  same  discharge 
as    the    channel  a  d  c  b  if  they  be   to   each    other 

f A  D  c  B )  J  x_   f  adcB 

1ad  +  dc  +  cb 


1  *  to  I  (^  do^         1 1 


and  hence  the  square  root  of  the  cube  of  the  channel 
area,  divided  by  the  border,  must  be  constant.  With 
a  fall  of  one  or  more  feet  to  a  mile,  two  channels,  one 
70  feet  wide  and  1  foot  deep,  and  the  other  20  feet 
wide  and  2^  feet  deep,  will  have  the  same  discharge. 
If  w  be  put  for  the  width  and  d  for  the  depth  of  any 
rectangular  channel,  then 

3  — ^ — jr-7-  \    —  m :  and  thence  the  cubic  equation 
I  ?i?  +  2  a   ) 

(122.)  d?  - 


2  m' 
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for  finding  the  depth  d  of  any  other  rectangulai* 
channel  whose  width  is  Wy  of  the  same  discharging 
power.  The  depths  d  for  different  widths  of  channel 
have  been  calculated  firom  this  equation,  assuming  a 
width  of  70  feet  and  different  depths  to  find  m  from. 
The  restdts  are  given  in  Table  XI.,  which  will  be 
found  sufficiently  accurate  for  all  practical  purposes, 
when  the  banks  are  sloped,  by  taking  the  mean  width. 
This  table  is  equally  applicable  to  any  measures  what- 
ever, to  their  multiples,  and  sub-multiples. 

If  the  hydraulic  inclinations  vary,  then  the  VT^ 
must  be  inversely  as  the  areas  of  the  channels  when 
V  r  8  X  channel  or  the  discharge  is  constant ;  and  if 
the  area  of  the  channel  and  discharge  be  each  constant, 
r  must  vary  inversely  as  «  ;  and  r  «  be  also  constant. 
For  instance,  a  channel  which  has  a  fall  of  four  feet 
per  mile,  and  a  hydraulic  mean  depth  of  one  foot,  will 
have  the  same  discharge  as  another  channel  of  equal 
area,  having  a  hydraulic  mean  depth  of  four  feet,  and 
a  fall  per  mile  of  only  one  foot.  If  in  Table  XII. 
the  same  discharge  be  taken  from  the  columns  for 
different  inclinations,  the  mean  rectangular  dimensions 
corresponding  to  them  in  the  first  column. will  be 
found,  and  thereby  an  engineer  be  enabled  to  select 
an  equally  discharging  channel  firom  Table  XI., 
suited  to  an  increase  or  decrease  of  the  hydraulic 
inclination.* 

The  next  table  at  p.  270,  of  equally  discharging 

*  Tables  by  the  Author  similar  to  numbers  XL,  XII.,  and  XIII. 
but  on  a  much  more  extended  scale,  have  been  printed  and  published 
on  a  separate  sheet  for  office  use,  and  may  be  had  fh>m  the  pub- 
lisher. 
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river  channels,  with  a  primary  channel  having  a  mean 
width  of  100,  instead  of  70,  as  in  Table  XI.  has  been 
calculated ;  and  in  the  table  at  p.  271  are  given  the 
discharges  at  different  inclinations  from  this  new 
primary  channel,  to  find  those  from  its  equivalents. 
The  tables  at  pp.  28,  29,  271,  and  Table  VIII., 
have  also  been  calculated  from  Du  Buat's  formula. 
For  slow  velocity  of  only  a  few  inches  per  second, 
the  dimensions  should  be  increased  by  about  one-sixth, 
and  the  discharges  by  about  one-half. 

With  reference  to  pipes,  it  is  apparent  that  a  given 
depth  of  roughness  or  contraction  arising  from  any 
cause  will  have  a  greater  effect  the  smaller  the  diameter 
becomes.  Now  in  practice,  it  is  necessary  to  increase 
the  diameter  beyond  what  is  found  by  calculation. 
For  small  service  pipes  half-an-inch  is  the  smallest 
diameter  in  general  use.  For  mains  and  sub-mains 
the  value  of  c  in  equation  (74b),  or  at  p.  196,  should 
at  least  be  doubled,  or  the  discharge  taken  at  one  and 
a  half  times  its  amount  to  find  the  diameter.  By 
enlarging  the  diameter  by  one-seventh,  one-half  the 
amount  will  be  added  to  the  discharge,  very  nearly ; 
and  by  increasing  the  diameter  by  one-third,  the 
discharge  will  be  doubled.  In  a  broad  and  practical 
sense,  and  considering  the  losses  arising  from  deposi- 
tions,* pipes  under  two  inches  should  have  one-third 

*  Mr.  Bateman  formerly  in  giving  evidence,  says  : — ''He  wished  to 
mention  a  drcmnstance  which  might  be  nseM  with  regard  to  the 
spongillffi  foond  in  the  Dublin  water  pipes.  At  Manchester,  before  the 
introduction  of  soft  water,  the  city  was  supplied  with  hard  water, 
which  favoured  the  growth  of  a  small  fresh-water  mussel,  which 
thickly  line  the  reservoirs  and  pipes.  There  were  myriads  of  them, 
and  they  lay  in  the  pipes  as  thick  as  paving  stones.     These  were 
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TABLE  qf  mean  vridlh*  and  depth*  of  equallv  disekarginff  trapezoidal  Eicer^hanneU, 
or  Sewer9f  with  aide  »lope$  up  to  2}  to  1.  Practically  all  rtver-ckanmel*  may  be  re- 
duced to  rectangular  eection*  <^  equal  areas  and  depths  tojind  the  discharge.  8ee 
Table  XI. 
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TABLE  of  the  Diteharget  in  cuhiefeel  per  minute  from  the  primary  Channel  in  the  oppoeite 
page,  taken  in  feet ;  and  from  the  correrponding  equivalent  Chunneh,  alto  taken  in  feet. 
See  Table  XI  (. 
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or  more  added  to  their  calculated  dimensions,  and 
larger  pipes  from  one-third  to  one-seventh  —  even 
after  making  allowance  for  junctions,  bends,  and  con- 
tractions. For  large  conduits  or  channels  the  allowance 
need  not  be  so  large,  if  the  maximum  quantity  to  be 
conveyed  has  been  duly  estimated. 


SECTION    X 

EFFECTS  OP  EKLABGBMENTS  AND  CONTRACTIONS.  BACK- 
WATER WEIR  CASE. — ^LONG  AND  SHORT  WEIRS. — 
THE  SHANNON. 

When  the  flowing  section  in  pipes  or  rivers  expands 
or  contracts  suddenly,  a  loss  of  head  always  ensues ; 
this  is  probably  expended  in  forming  eddies  at  the 
sides,  or  in  giving  the  water  its  new  section.  A  side 
current,  moving  slowly  sometimes  upwards,  may  be 
frequently  observed  in  the  wide  parts  of  rivers,  when 
the  channel  is  unequal,  though  the  downward  current, 
at  the  centre,  be  pretty  rapid ;  and  though  it  may  be 
assumed  generally  that  the  velocities  are  inversely  as 
the  sections,  when  the  channels  are  uniform,  this 
cannot  properly  be  done  when  they  are  not,  and  the 

caused  by  the  large  qnantity  of  lime  in  the  water.  He  was  curious  to 
see  what  would  be  the  effisct  <^  passing  water  without  lime.  This  was 
done  ten  or  eleven  years  ago,  and  the  result  was  that  these  mussels 
had  entirely  disappeared.  There  was  no  longer  anything  from  which 
they  could  make  their  shells,  and  for  years,  on  their  discharge,  the 
small  pipes  were  found  choked  with  them.  If  soft  water  were  supplied 
to  Dublin  in  place  of  the  present  hard  water,  which  probaUy  favoured 
the  growth  of  spongilla,  they  would  probably  disappear."  This  has 
been  since  done,  and  Dublin  has  been  supplied,  from  the  Yartry,  with 
most  satisfactory  results  as  to  quality,  quantity,  and  cost 
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motions  so  uncertain  as  those  referred  to.     When  a 

pipe    is    contracted    by    a 

diaphragm  at  the  orifice  of 

entry,  Fig.  27,  it  was  shown 

(equation  60),  that  the  loss 

of  head  is, 

(123.)  h  =  ^ SV_Wa Z_ . 

When  the  diaphragm  is  placed  in  a  uniform  pipe, 
Fig.  86,  then  a  =  c,  and  the  loss  of  head  is 

(124.)  &  =  >"'»        ^      ' 


^9 
and  the  coefficient  of  resistance 

(125.)  Cr  =  (-±--  l)\ 

as  in  equation  (67).  The  coefficient  of  discharge  c^  is 
here  equal  to  the  coefficient  of  contraction  c©,  or  very 
nearly.  Now  it  is  shown  in  equation  (45),  and  the 
remarks  following  it,  that  the  value  of  the  coefficient 
of  discharge,  c^,  varies  according  to  the  ratio  of  the 

A 

sections,  ~  ,*  and  in  Table  V.  we  have  calculated  the 

*  The  empirical  value  of  Cd  as  given  by  Professor  Rankine,   is 
•618 
^.  =  y a«\i»  wWch  is  equal  to  unity  when  a  =  A,   as  it 

should  be  ;  and  equal  to  *618,  when  a  is  very  small,  compared  with  a, 
as  it  also  should  be  when  the  diaphragm  is  a  thin  plate,  biU  not  other- 
vnse.  If  the  thickness  of  the  diaphragm  be  twice  the  diameter  of  the 
orifice  a,  the  coefficient  of  dischai^g^e  would  be  '815  ;  and  if  the  higher 
arris  be  rounded,  this  would  be  increased  to  1,  in  which  cases  the  ex- 
pression would  clearly  fail ;  the  thickness  of  the  diaphragm  and  the 
form  of  the  aperture  a  must  also  be  considered.  t 
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new  coefficients  for  different  values  of  the  ratios,  and 
different  values  of  the  primary  coefficient  c^.  If  c^, 
when  A  is  very  large  compared  with  a,  be  '628,  then 
by  attending  to  the  remarks  at  pp.  101  and  108,  it  is 
found,  that  the  different  values  of  c^  corresponding  to 

•807  X  -,  taken  from  Table  V.,  are  those  in  columns 

Nos.  2  and  5  of  the  next  small  table,  the  values  of  the 

TABLE  OF  COEFFICIENTS  FOR  OOKTRAOTION,   BY  A  DIAPHRAGM 
IN  A  PIPE. 


a 

a 

— 

Cd 

Cr 

— 

Ci 

Cx 

A 

A 

•0 

•628 

infinite 

•6 

•713 

1790 

•1 

•630 

221-2 

•7 

•763 

•807 

•2 

•686 

471 

•8 

•807 

•801 

•8 

•647 

17-2 

•86 

•845 

•164 

•4 

•661 

7-7 

•9 

•890 

•062 

•5 

•683 

8-7 

1 

1-000 

•000 

coefficient  of  resistance,  in  columns  8  and  6,  being 
calculated  from  equation  (125)  for  the  respective  new 
values  of  the  coefficient  of  discharge  thus  foimd.  The 
table  shows  that  when  the  aperture  in  a  diaphragm  is 
TTT^hs  of  the  section  of  the  pipe,  that  47  times  the  head 
due  to  the  velocity  is  lost  thereby.  If  the  aperture  in 
the  diaphragm  be  roimded  at  the  arrises,  the  loss  will 
not  be  so  great,  as  the  primary  coefficient  c^  will  then 
be  greater  than  that  due  to  an  orifice  in  a  thin  plate  : 
see  the  Table  of  Coefficients,  p.  169. 

When  there  are  a  number  of  diaphragms  in  a  tube, 
the  loss  of  head  for  each  must  be  found  separately, 
and  all  added   together  for  the   total  loss.      If  the 
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diaphragms,  however,  approach  each  other,  so  that 
the  water  issumg  from  one  of  the  orifices  a,  Fig.  86, 
shall  pass  into  the  next  before  it  again  takes  the 
velocity  due  to  the  diameter  of  the  pipe,  the  loss  will 
not  be  so  great  as  when  the  distance  is  sufficient  to 
allow  this  change  to  take  place.  This  view  is  fully 
borne  out  by  the  experiments  of  Eytelwein  with  tubes 
1*03  inch  in  diajneter,  having  apertures  in  the  dia- 
phragms of  '51  inch  in  diameter. 

Venturi's  twenty-fourth  experiment,  with  tubes 
varying  from  '75  inch  to  '934  inch  in  diameter  at  the 
junction  with  the  cistern,  so  as  to  take  the  form  of 
the  contracted  vein,  and  expanding  and  contracting 
along  the  length  from  '75  to  2  inches  and  from  2 
inches  to  '75  inch  alternately,  shows  the  great  loss  of 
head  sustained  by  successive  enlargements  and  con- 
tractions of  a  channel,  even  when  the  junction  of  the 
parts  is  gradual.  Calling  the  coefficient  for  the  short 
tube,  with  a  junction  of  nearly  the  form  of  the  con- 
tracted vein,  1,  then  the  following  coefficients  are 
derivable  from  the  experiment : — 

Short  tube  with  rounded  junction       .        .        .  1  • 

One  enlargement 741 

Three  enlargements -569 

Five  enlargements '454 

Simple  tube  vrith  a  rounded  junction  of  the  same 
length,  36  inches,  as  the  tube  with  the  five 

enlarged  parts '736 

The  head,  in  the  experiment,  was  32|  inches.  Venturi 
states  that  no  observable  diflferences  occurred  in  the 
times  of  discharge  when  the  enlarged  portions  were 
lengthened  from  3^  to  6J  inches.  See  tables,  pp.  146 
and  199. 

T  2 
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With  reference  to  this  experiment,  so  often  quoted, 
it  is  necessary  to  remark  that  the  diameters  of  the 
enlarged  portions  were  2  inches  each,  while  the  lengths 
varied  only  from  3^  to  6J  inches,  and  consequently 
were  at  most  only  SJ  times  the  diameter.    Now  with 

such  a  large  ratio  of  the 
width  to  the  length  of  the 
enlarged  portions,  ax  b  &, 
Fig.  87,  it  is  pretty  clear 
that  a  good  deal  of  the 
head  is  lost  by  the  im- 
pact of  the  moving  water  on  the  shoulders  at  a  and  b. 
That  this  is  so  is  evident  from  the  fact,  stated  by  the 
experimenter,  of  the  time  of  discharge  remaining  the 
same  when  a  A,  in  five  different  enlargements,  was 
increased  from  8^  to  6^  inches;  though  this  must 
have  lengthened  the  whole  tube  from  86  to  60  inches,* 
thereby  increasing  the  loss  from  friction  proportion- 
ately, but  which  happened  to  be  compensated  for  by 
the  reduction  in  the  resistances  from  inpact  at  a  and 
B,  and  in  the  eddies,  by  doubling  the  lengths  from  a 
to  A. 

If,  however,  the  length  from  a  to  a  be  very  large 
compared  with  the  diameter,  and  the  junctions  at  a, 
A,  B,  and  hy  be  well  grafted,  less  loss  will  arise  from 
the  enlargement  than  if  the  smaller  diameter  continued 
all  along  uniform.  The  explanation  is  clear,  as  the 
resistance  from  friction  is  inversely  as  the  square 
roots  of  the  mean  radii;   and  the  length  being  the 


*  The  dimensions  throogbont  this  experiment  are  given  as  in  the 
original,  viz.,  in  French  inches. 


Digitized  by  VjOOQ  IC 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS,  277 

same,  the  loss  must  be  less  with  a  large  than  a  small 
diameter. 

These  remarks,  mutatis  mutandis,  apply  equally  to 
rivers  as  to  pipes.  The  effects  of  submerged  weirs 
and  contracted  river  channels  has  been  already  pointed 
out  at  pp.  134  and  141,  and  formulse  given  for  calcu- 
lating them. 

BACKWATER  FROM   CONTRACTIONS  IN  RIVERS. 

A  river  may  be  contracted  in  width  or  depth,  by 
jetties  or  by  weirs ;  and  when  the  quantity  to  be  dis- 
charged is  known,  equations  from  which  the  increase 
of  head  may  be  found  are  given  in  formulae  (9),  (55), 
and  (57).  The  effect  of  a  weir,  jetty,  or  contracted 
channel  of  any  kind,  is  to  increase  the  depth  of  water 
above  ;  and  this  is  sometimes  necessary  for  navigation 
purposes,  or  to  obtain  a  head  for  mill  power.  When 
a  weir  is  to  rise  over  the  surface,  then  from  the  length, 
the  discharge  per  minute,  the  coefficient  due  to  the 
crest,  and  the  coefficient  due  to  the  ratio  of  the  sections, 
on  and  above  the  weir,  found  from  Table  V.,  the  head 
can  be  found  from  Table  VI.  For  submerged  weirs 
and  contracted  widths  of  channel,  the  head  can  be  best 
calculated,  by  approximation,  from  the  equations  above 
referred  to. 

The  head  once  determined,  the  extent  of  the  back- 
water is  a  question  of  some  importance.  If  f  c  o  d, 
Fig.  38,  be  the  original  sui^face  of  a  river,  and  a  a  b  f 
the  raised  surface  by  backwater  from  the  weir  at  a,  then 
the  extent  a  f  of  this  backwater,  in  a  regular  channel, 
will  be  from  1*5  to  1*9  times  a  c  drawn  parallel  to  the 
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horizon  to  meet  the  original  surface  in  c.  This  rule 
will  be  found  useful  for  practical  purposes;  but  in 
order  to  determine  more  accurately  the  rise  for  a  given 


Fig.  38 


length,  Bi  Bj  or  Bj  b,  of  the  channel,  it  is  necessary  to 
commence  at  the  weir  and  calculate  the  heights  from  a 
to  B,  B  to  Bi,  and  from  Bj  to  Bj  separately,  the  distance 
from  A  to  Bj  being  supposed  divided  into  some  con- 
venient number  of  equal  parts,  so  that  the  lengths  a  b, 
B  Bi,  &c.,  may  be  considered  free  from  curvature.  Now, 
as  the  head  a  d  is  known,  or  may  be  calculated  by 
some  of  the  preceding  formulae,  the  section  of  the 
channel  at  the  head  of  the  weir  also  becomes  known, 
and  thence  the  mean  velocity  in  it,  by  means  of  the 
discharge  over  the  weir.  Putting  a  for  the  area  of  the 
channel  at  a  h,  d  for  its  depth  a  h,  and  v  for  the  mean 
velocity  ;  also  Ai  for  the  area  of  the  channel  at  b  i,  (^ 
for  its  depth,  and  Vi  for  its  mean  velocity;  h^  the 
mean  border  between  the  sections  at  a  h  and  b  i ;  rm 

the  mean  hydraulic  depth ;  — -^       the  mean  velocity; 

AV  =  h;  Bo  =  fej;  the  sine  of  angle  o  d  e  =  8 ;  and 
the  length  a  b  ==  d  o  nearly  =  I;  we  get  a  X  «?  =  Ai 

X  fi  and  r^  =  ^ ;  but  as,  in  passing  from  b  to 

A,  the  velocity  changes  from  Vi  to  t?,  there  is  a  loss  of 
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..2   «.2 

head  equal  — ,  and  if  Cf  be  the  coefficient  of  fiic- 

tion,  there  is  a  loss  of  head  from  this  cause  equal  c,  x 

—  X  — .  hence  the  whole  change  of  head  in 

passing  from  b  to  a  is  equal  to  Cf  X  —  X     -i— — i    — 

^— .     But  this  change  of  head  is  equal  to  b  e  —  a  d 

=  BO  +  oE  —  AD  =  fti  +  Z«  —  ft,  whence 
(126.)        fei-fe  =  di-d  =  c,xlx  ^h+Jl 

i^  ~~  f? 
^9 
or  as  t?i  =  — ,  and  r„  =  ^  J"  ^\   by  a  few  reductions 

Ai  ^  Om 

and  change  of  signs, 

(127.)    h-h,=(,  -€,xb^x  *-^  X  ^)  i 

and  therefore 

A*  -  Af         f? 

'      '^'  ""  2"If  ^  2^^ 

from  which  the  length  I  corresponding  to  any  assumed 
change  of  level  between  a  and  b  can  be  calculated. 
Then,  by  a  simple  proportion  the  change  of  level  for 
any  smaller  length  can  be  found.  To  find  the  change 
of  level  directly  from  a  given  length  does  not  admit  of 
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a  direct  solution,  for  the  value  of  A  —  Ai  in  equation 
(127)  involves  Ai,  which  depends  again  on  A  —  fti,  and 
further  reduction  leads  to  an  equation  of  a  higher 
order ;  but  the  length  corresponding  to  a  given  rise, 
fei,  is  found  directly  by  equation  (128). 

When  the  width  of  the  channel,  ti\  is  constant,  and 
the  section  equal  iowxd  nearly,  the  above  equations 
admit  of  a  further  reduction  for  Ai  =  rfi  w  and  a  =  d  tr; 
by  substituting  these  values  in  equation  (127)  it  be- 
comes, after  a  few  reductions, 
(129.)    fe  -  Ai  =  d  -  rfi 

or,  as  it  may  be  further  reduced, 

..«^x      r       r                    diw         2di        2<7      , 
(130.)      &-Ax= ^^d  +  d,      V ^^«- 

Now,  in  this  equation,  for  all  practical  purposes, 
d  +  di  ^  Jb^  _  J_ 
2  c^i        diw       dw* 
approximately,  b  being  the  border  of  the  section  at 

A  H ;  and  also,  — i-^  =  -^,  approximately,  there- 
fore 

h  ^ 

(181.)       &  -  Ai  = o 15 X  Z; 

d       2g 
and 

(132.)  I  = ^    ,    '    /'^- 


S    ^    Cf     X    -J—     X    r^ 

dw       2g 
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Now,  as  -^ —  =  _,  2  a  =  64*4,  and  the  mean  value  of 
aw       r 

the  coefficient  of  firiction  for  small  velocities  Ci  =  '0078, 

then 

64-4  d«- -0078 -t?« 

<l««->     ^-  =  ^-        64>4d^2/      ^^- 

and 

(134.)  ,^(fe-^0x(64>4.^-2^^ 

64-4  d«- -0078 -t?2 
r 

very  nearly.      Having  by  means  of  these  equations 

found  A  B  from  b  o  or  b  E^'and  b  o  from  a  b,  we  can  in 

the  same  manner  proceed  up  the  channel  and  calculate 

Bi  c,  B2  Ci,  &c.,  until  the  points  b,  Bi,  B2  in  the  curve 

of  the  backwater  shall  have  been  determined,  and  imtil 

the  last  nearly  coincides  with  the  original  surface  of 

the  river.    When  Ai  =  0,  then 

64-4  d«- -0078 -tJ* 

^  =         64-4  d  -  2  «?2       ^  ^• 

If  equation  (134)  be  examined,  it  appears  that  when 
64*4  d  =  2  f?^,  I  must  be   equal  to   zero ;    or  when 

X  =  ^^  ,  equal  the  height  due  to  the  velocity «?.  When 
I  is  infinite,  64*4  A  must  exceed  2  ^,  and  64*4  A  %  equal 

to -0078  -f^; 
r 

or,  ^-^^  =  t^,  and  t?  =  90*9  V^^. 

This  is  the  velocity  due  to  friction  in  a  channel  of  the 
depth  Ay  hydraulic  mean  depth  r,  and  inclination  % ; 
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and,  as  in  wide  rivers  r  =  d  nearly,  r  =  90*9  ^  d  Sy 
but  when  the  numerator  was  zero  we  had  from  it 
r  =  V  32*2  d ;  equating  these  values  of  t?,  s  =  '0039 
zz—  nearly :  see  p.  188.     Now,  the  larger  the  fraction 

8  is,  the  larger  will  the  velocity  v  become ;  and  the 
larger  v  becomes,  the  more  nearly,  in  all  practical  cases, 
will  the  terms 

64-4  d  -  2  t^  and  64-4  d  «  -  '0078-1^, 

r 

in  the  numerator  and  denominator  of  equation  (134), 

approach  zero ;  when  64*4  d  —  2  t?^  becomes  zero  first, 

1  =  0;  when  64*4  d «  —  •0078  -  i^  becomes  zero  first, 

T 

I  equals  infinity ;  and  when  they  both  become  zero  at 
the  same  time,  Z  =  A  —  fci,  and  s  =--:   see  p.  133 ; 

256  •■■ 

if  «  be  larger  than  this  fraction,  the  numerator  in  equa- 
tion (134)  will  generally  become  zero  before  the  denomi- 
nator, or  negative,  in  which  cases  I  will  also  be  zero, 
or  negative ;  and  the  backwater  will  take  the  form  f 
Ca  62  ^1  ^  ^1  ^>  Fig-  38,  with  a  hollow  at  Cj.  Bidone 
first  observed  a  hollow,  as  f  c^  b^,  when  the  inclination 

s  was  -.     When  the  inclination  of  a  river  channel 

do 

changes  from  greater  to  less,  the  velocity  is  obstructed, 
and  a  hollow  similar  to  f  Cj  b^  sometimes  occurs. 
When  the  difference  of  velocity  is  considerable,  the 
upper  water  at  63  faUs  backwards  towards  Cj  and  f,  and 
forms  a  bore,  a  splendid  instance  of  which  is  the  pore- 
roca,  on  the  Amazon,  which  takes  place  where  the 
inclination  of  the  surface  changes  from  six  inches  to 
one-fifth  of  an  inch  per  mile,  and  the  velocity  from 
about  22  feet  to  4J  feet  per  second. 
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WEIR   CASE,   LONG  AND   SHORT  WEIRS. 

When  a  channel  is  of  very  unequal  widths,  above  a 
weir,  the  following  simple  method  of  calculating  the 
backwater  will  be  found  sufficiently  accurate,  and  the 
results  to  agree  with  observation.  Having  ascertained 
the  surface  fall  due  to  friction  in  the  channel  at  a  uni- 
form mean  section,  add  to  this  fall  the  height  which  the 
whole  quantity  of  water  flowing  down  would  rise  on  a 
weir  having  its  crest  on  the  same  level  as  the  lower  weir, 
and  of  the  same  length  as  the  width  of  the  cliannel  in  the 
contracted  pass.  The  sum  vnU  be  the  head  of  water  at 
some  distance  above  such  pass  very  nearly.  A  weir  was 
formerly  constructed  on  the  river  Blackwater,  at  the 
boimds  of  the  counties  Armagh  and  TjTone,  half  a 
mile  below  certain  mills,  which,  it  was  asserted,  were 
injuriously  aflfected  by  backwater  thrown  into  the 
wheel-pits.  The  crest  of  the  weir,  220  feet  long,  was 
2  feet  6  inches  below  the  pit ;  the  river  channel  between 
varied  from  60  and  67  feet  to  123  feet  in  width,  from  1 
foot  to  14  feet  deep ;  and  the  fall  of  the  surface,  with 
8  inches  of  water  passing  over  the  weir  and  the  sluices 
down,  was  nearly  4  inches  in  the  length  of  half  a  mile. 
Having  seen  the  river  in  this  state  in  summer,  the 
Author  had  to  calculate  the  backwater  produced  by 
diflferent  depths  passing  over  the  weir  in  autumn  and 
winter,  which  in  some  cases  of  extraordinary  floods 
were  known  to  rise  to  3  feet.  The  width  of  the 
channel  about  60  feet  above  the  weir  averaged  120  feet. 
The  width,  2050  feet  above  the  weir  and  550  feet  below 
the  mills,  was  narrowed  by  a  slip  in  an  adjacent  canal 
bank,  to  45  feet  at  the  level  of  the  top  of  the  weir,  the 
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average  width  at  this  place  as  the  water  rose  being  55 
feet.  The  channel  above  and  below  the  slip  widened 
to  80  and  123  feet.  Between  the  mills  and  the  weir 
there  were,  therefore,  two  passes;  one  at  the  slip, 
averaging  55  feet  wide  ;  another  above  the  weir,  about 
120  feet  wide.  Assuming  as  above,  that  the  water  rises 
to  the  heights  due  to  weirs  56  and  120  feet  long,  at 
these  passes,  then,  by  an  easy  calculation,  or  by  means 
of  Table  X.,  the  heads  in  columns  two  and  four  of  the 
table  on  the  next  page  were  found,  corresponding  to  the 
assumed  ones  on  the  weir,  given  in  the  first  colimin. 

As  the  length  of  the  river  was  short,  and  the  hydraulic 
mean  depth  pretty  large,  the  fall  due  to  friction  for  60 
feet  above  the  weir  was  very  small,  and  therefore  no 
allowance  was  made  for  it ;  even  the  distance  to  the 
slip  was  comparatively  short,  being  less  than  half  a 
mile,  and  as  the  water  approached  it  with  considerable 
velocity,  this  was  conceived,  as  the  observations  after- 
wards showed,  to  be  a  sufficient  compensation  for  the 
loss  of  head  below  by  firiction.  The  observations  were 
made  by  a  separate  party,  over  whom  the  Author  had 
no  control,  and  it  is  necessary  to  remark,  that  with  the 
same  head  of  water  on  the  weir,  they  often  diflfered 
more  from  each  other  than  from  the  calculation.  This, 
probably,  arose  from  the  different  directions  of  the 
wind,  and  the  water  rising  during  one  observation,  and 
falling  during  another. 

The  true  principle  for  determining  the  head  at  ^, 
Fig.  89,  apart  from  that  due  to  friction,  is  that  pointed 
out  at  pp.  136  and  141,  but  when  the  passes  are  very 
near  each  other,  or  the  depth  d^,  Fig.  23,  is  small,  the 
effect  of  the  discharge  through  d^  is  inconsiderable  in 
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reducing  the  head,  as  the  contraction  and  loss  of  vis^ 
viva  are  then  large,  and  the  head  di  becomes  that  due 
to  a  weir  of  the  width  of  the  contracted  channel  at  a, 
nearly.     The  reduction  in  the  extent  of  the  backwater, 

TABLE  OF  CALCTTLATED  AND  OBSERVED  HEIGHTS  ABOVE  M'K£AK*8 
WEIR,   NEAJl  BENBXTRB,   ON  THE  RIVER  BLACKWATEE. 


Heiffhtsat 
M^Kean'i 

Heights  60  feet  above  the 
weir  channel  120  feet  wide. 

Heights  2060  feet  above  ' 

the  weir  channel  65  feet  i 

wide ;  average.          | 

weir  220  feet 

long, 

in  inches. 

Calculated 

Obsenred 

Calcnlated 

Observed 

inches. 

inches. 

inches. 

inches. 

li 

2 

3 

2i 

2i 

41 

54 

4J 

'.'.'. 

74 

7 

4 

6 

... 

10 

9 

5 

74 

... 

124 

11* 

6 

9 

9 

15 

16i 

7 

lOi 

lOi 

174 

18i 

8 

12 

20 

204 

9 

181 

12J 

224 

20i 

10 

15 

24: 

20 

11 

164 

... 

27 

24 

12 

18 

17 

30; 

81 

13 

194 

184 

82: 

88 

15 

224 

21 

87} 

40 

18 

27 

25 

46; 

46 

21 

314 

294 

58 

54 

24 

36 

84 

604 

62 

1 

by  lowering  the  head  on  a  longer  weir,  is  found  by 
taking  the  difference  of  the  amplitudes  due  to  the  heads 
at  g,  Fig.  89,  in  both  cases,  as  determined  from  equa- 
tions (56),  (128),  et  seq.  This  will  seldom  exceed  a 
mile  up  the  river,  as  the  surface  inclination  is  found  to 
be  considerably  greater  than  that  due  to  mere  friction 
and  velocity,  and  hence  the  general  failure  of  drainage 
works  designed  on  the  assumption  that  the  lowering 
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of  the  head  below,  by  means  of  long  weirs,  extends  its 
eflfects  all  the  way  up  a  channel.  It  is  necessary  to 
treble  the  length  of  a  weir  before  the  head  passing  over 
can  be  reduced  by  one-half,  Table  X.,  even  supposing 
the  circumstances  of  approach  to  be  the  same  :  surely 
several  engineering  appliances  for  shorter  weirs,  during 
periods  of  flood,  would  be  found  far  more  eflfective  and 
much  less  expensive  than  this  alternative,  with  its 
extra  sinking  up  channel  and  enlarged  weir  basin  for 
drainage  purposes.* 

The  advocates  for  the  necessity  of  weirs  longer  than 
the  width  of  the  channel,  for  drainage  purposes,  must 
show  that  the  reduction  of  the  head  and  extent  of 
backwater  above  g,  Fig.  39,  is  not  small,  and  that  the 
effects  extend  the  whole  way  up  the  channel,  or  at  least 
as  far  as  the  district  to  be  benefited.  Practice  has 
heretofore  shown,  that  long  weirs  have  failed  (unless 
after  the  introduction  of  sluices  or  other  appliances)  in 
producing  the  expected  arterial  drainage  results,  not- 
withstanding the  increased  leakage  from  increased 
length,  which  must  accompany  their  construction. 

The  deepening  in  the  weir  basin  a  6  b  e  a  is  mostly 
of  use  in  reducing  the  surface  inclination  between  a  h 
and  A  B  by  increasing  the  hydraulic  mean  depth  ;  but, 
thereby,  the  velocity  of  approach  is  lessened,  and  there- 
fore the  head  at  e  increased.    When  the  length  of  a 

*  When  tliis  was  first  written,  in  1849,  the  Author  was  not 
acquainted  with  the  good  common  sense  appliances  of  moveable  weirs 
used  by  the  French,  which  raised  the  levels  at  low  water  to  admit  of 
navigation  ;  and  being  removed,  or  falling  level  with  the  bottom  bed 
in  floods,  permitted  the  full  drainage  of  the  upper  riparian  lands,  when 
most  required. 
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weir  basin  a  e  exceeds  that  point  where  these  two  op- 
posite eflfects  balance  each  other,  there  will  be  a  gain 
by  the  diflference  of  the  surface  inclinations  in  favour  of 
the  long  weir  :  but  unless  a  £  exceeds  half  a  mile,  this 
difference  cannot  amount  to  more  than  one  or  two 
inches,  unless  the  river  be  very  small  indeed ;    and  if 


the  channel  he  sunk  for  the  long  weirs  b  a  or  b  ai,  it 
sJiotdd  also  be  sunk  to  at  least  the  same  depth  and  extent 
for  the  short  weirs  b  e,  b  a,  otherwise  there  is  no  fair 
comparison  of  their  separate  merits.  The  effect  of  the 
widening  between  a  b  and  a  b,  the  depth  being  the 
same,  is  also  to  reduce  the  surface  inclination  from  a 
to  E ;  but,  as  before,  unless  a  e  be  of  considerable 
length,  this  gain  will  also  be  small.  Now  a  b,  at  best, 
is  but  a  weir  the  direct  width  of  the  new  channel  at 
A  B,  and  if  the  length  a  e  be  considerable,  there  is  an 
entirely  new  river  channel  with  a  direct  weir  at  the 
lower  end,  and  the  saving  of  head  effected  arises  en- 
tirely from  the  larger  channel,  with  as  it  were  a  direct 
transverse  weir  at  the  lower  end. 

By  referiing  to  Table  VIII.,  it  will  be  found  that 
for  a  hydraulic  mean  depth  of  S  feet  a  fall  of  7  J  inches 
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per  mile  will  give  a  velocity  of  2  feet  per  second ;  if 
of  double  the  depth,  a  fall  of  4  inches  will  give  the 
same  velocity ;  and  for  a  depth  of  only  2  feet  6  inches, 
a  fall  of  12\  inches  is  necessary.  This  is  a  velocity 
much  larger  than  we  have  ever  observed  in  a  deep 
weir  basin,  yet  it  is  easily  perceived  that  the  difference 
in  the  inclinations  for  a  short  distance,  e  a  of  a  few 
hundred  feet,  must  be  small.  If  one  section  be  double 
the  other,  the  hydraulic  mean  depth  remaining  con- 
stant, the  velocity  must  be  one-half,  and  the  fall  per 
mile,  one-fourth,  nearly.  This  would  leave  7i  —  2 
=  5i  inches  per  mile,  or  1  inch  per  1000  feet  nearly, 
as  the  gain  with  a  hydraulic  mean  depth  of  6  feet  for 
a  double  water  channel.  For  greater  depths  the  gain 
would  be  less,  and  the  contrary  for  lesser  depths. 

Is  the  saving  of  head  and  amplitude  of  backwater 
here  estimated  worth  the  increased  cost  of  long  weirs 
and  the  consequent  necessity  and  expense  of  sinking 
and  widening  the  channels  for  such  long  distances  ? 
Certainly  not ;  indeed,  any  extra  sinking  in  the  basin 
immediately  at  the  weir  is  absolutely  injurious  by 
destroying  the  velocity  of  approach,  and  increasing  the 
contraction.  The  gradual  approach  of  the  bottom 
towards  the  crest,  shown  by  the  upper  dotted  line 
fc  E  in  the  section.  Fig.  39,  and  a  sudden  overfall,  will 
be  found  more  effective  in  reducing  the  head,  imless 
so  far  as  leakage  takes  place,  that  any  depth  of  sinking 
for  nearly  80  or  100  feet  above  long  weirs. 

In  most  instances,  the  extra  head  will  be  only  per- 
ceived by  an  increased  surface  inclination,  which  may 
extend  for  a  mile  or  more  up  the  channel,  according 
to  the  sinking  and  widening. 


Digitized  by  VjOOQ  IC 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS.  28» 

It  is  a  general  rule  that,  for  shorter  weirs,  the  co- 
efficients of  discharge  decrease ;  this  arises  from  the 
greater  amount  of  lateral  contraction,!  and  is  more 
marked  in  notches  or  Poncelet  weirs,  than  for  weirs 
extending  from  side  to  side  of  the  channel ;  but  for 
weirs  exceeding  10  feet  in  length  the  decrease  in  the 
coefficients  from  this  cause  is  immaterial,  unless  the 
head  passing  over  bear  a  large  ratio  to  the  length ; 
and  it  may  be  seen  from  the  coefficients,  page  68, 
derived  from  Mr.  Blackwell's  experiments,  that  with 
10  inches  head  passing  over  a  2-inch  plank,  the  co- 
efficient for  a  length  of  8  feet  was  *614 ;  for  a  length 
of  6  feet  539 ;  and  for  a  length  of  10  feet  '584 ; 
showing  a  decrease  as  the  weir  lengthens,  but  which 
may,  in  the  particular  cases,  be  accounted  for.  Other 
circumstances  which  modify  the  coefficients  were  before 
referred  to,  yet  it  may  be  assumed  generally,  without 
any  error  of  practical  value,  that  the  coefficients  are 
the  same  for  different  weirs  extending  from  side  to 
side  of  a  river.  If,  then,  w  and  Wi  be  put  for  the 
lengths  of  two  such  weirs,  the  relation  of  the  heads  d 
and  di  for  the  same  quantity  of  water  passing  over  is 
given  by  the  following  proportion : — 

d:  diiiw^  iw^; 
and  therefore 

(185.)  d,  =  (^y  X  d. 

By  means  of  this  equation,  Table  X.  has  been  calcu- 
lated ;  the  ratio  —  being  given  in  columns  1,  8,  6  and 

7,  and  the  value  of  f  — V  ,  or  the  coefficient  by  which 
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d  is  to  be  multiplied^  to  find  ^  in  columns  2,  4,  6  and 
8*  It  appears  also,  that  if  the  heads  pasting  over  any 
weir  in  a  river  he  taken  in  an  arithmetical  progression, 
the  heads  then  passing  over  any  other  weir  in  the  same 
river  must  also  be  in  oHthmetical  progression,  tmless 
the  quantity  flouring  down  varies  from  erogaiion  or 
supply,  such  as  drawing  off  by  miUraces,  dtc.  If  e^  be 
the  coefficient  for  a  direct  weir,  '94  c^  will  answer  for 
an  obliquity  of  45*^,  and  '91  c^  for  an  angle  of  66^ 

In  the  first  edition  of  this  work  though  not  specially 
mentioned,  the  observations  on  this  subject  had  general 
reference  to  the  weirs  constructed  across  the  Shannon 
at  Killaloe,  Meelick,  and  Athlone,  and  elsewhere. 
Since  then  the  failure  of  these  works  is  admitted  by 
all,  although  previously  the  author  stood  alone  in  as- 
serting  that  they  should  fail.  To  expect  that  lowering 
the  head  by  extending  the  weir  would  extend  its 
results  for  miles  up  the  river,  showed  ignorance  of  the 
first  principles  of  river-engineering;  but  when  the 
surface  was  shown  actually  level  on  the  sections  from 
EiUaloe  to  Meelick,  and  Meelick  to  Athlone  on  distances 
of  82  miles,  and  27  miles,  without  any  fall  to  give 
velocity  to  and  convey  off  the  waters  something  like 
wonder  must  be  felt.*  The  French  had  and  have 
several  expedients  for  keeping  up  the  summer  levels, 
all  founded  on  one  sound  principle,  viz. :  the  removal 
of  these  obstructions  before  and  during  floods.  In 
Les  Barrages  a  Hausses  Mobiles,^  the  separate  panels  or 
*  See  Flan  89,  Second  Boport,  and  Flans  Nos.  12  and  18  in  Fourth 
Report  of  tlie  Shannon  Commissioners. 

t  Vide  M€moire  snr  les  banrages  a  Hausses  Mobfles  par  MM.  Chanoine 
ing6nieur  en  chef  et  De  Lagr6ne,  ing6nieur  ordinaire  des  ponts  et 
chausses,  Fans,  1862. 
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doors  of  which  the  weir  is  made  up,  are  laid  lying  at 
the  bottom,  during  floods ;  admitting  the  free  naviga- 
tion of  the  main  channel.  These  are  raised  in  summer, 
and  the  navigation  carried  on  by  means  of  a  lateral 
lock*  When  the  navigation  of  the  main  channel 
cannot  be  maintained  at  any  time,  sluices  which  lift 
entirely  out  of  the  water  are  perhaps  best,  as  they  can, 
for  most  rivers,  be  made  up  to  30  feet  in  width,  as  in 
patent  of  Mr.  F.  G.  M.  Stoney.  The  advantage  of 
both  these  designs  is,  that  the  fall  at  the  site  is  avail- 
able in  full,  not  only  to  discharge  the  water  freely 
through  its  own  depth,  but  also  to  give  extra  velocity 
and  discharge  to  the  under  water  thence  down  to  the 
bottom,  as  in  Fig.  22,  if  the  weir  were  removed.  The 
use  of  the  syphon  (see  equations  (154  to  154  h)  infra,) 
assumes  the  necessity  for  the  fixed  weir;  but  this 
appliance  can  at  no  time  discharge  a  greater  amount 
of  water  than  that  due  to  the  head  or  diflFerence  of 
levels,  but  always  less ;  and  it  has  no  eflfect  in  increas- 
ing the  discharge  between  the  lower  surface  of  the 
water  and  the  bottom,  which  both  the  other  designs 
have,  and  very  considerably  augment.    See  Section  V. 


SECTION  XL 

BENDS  AND  CUEVES.  —  BRANCH  PIPES.  —  DIFFERENT 
LOSSES  OF  HEAD. GENERAL  EQUATION  FOR  FIND- 
ING THE  VELOCITY. — ^HYDROSTATIC  AND  HYDRAULIC 
PRESSURE. — ^PIEZOMETER. — SYPHONS. 

The  resistance  or  loss  of  head  due  to  bends  and 
curves  has  now  to  be  considered.      If  a  bent  pipe, 

u  2 
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F  B  c  D  E  G,  Fig.  40,  be  fixed  between  two  cisterns,  so 

as  to  be  capable  of 
revolving  round  in 
collars  at  f  and  a, 
the  time  the  water 
takes  to  sink  a  given 
distance  from  /  to 
F  in  the  upper  cis- 
tern is  found  to  be  the  same,  whether  the  tube  occupy 
the  position  shown  in  the  figure  or  the  horizontal 
position  shown  by  the  dotted  line  Thcdeo.  This 
shows  that  the  resistances  due  to  friction  and  to  bends 
are  independent  of  the  pressure.  If  the  tube  were 
straight,  the  discharge  would  depend  on  the  length, 
diameter  and  difference  of  level  between  /  and  g,  and 
may  be  determined  from  the  mean  velocity  of  discharge, 
found  from  Table  VIII.  or  equation  (79).  Here, 
however,  it  is  necessary  to  take  into  consideration 
the  loss  sustained  at  the  bends  and  curves,  and 
our  illustration  shows  that  it  is  unaffected  by  the 
pressure. 

The  experiments  of  Bossut,  Du  Buat,  and  others, 
show  that  the  loss  of  head  from  bends  and  curves — 
like  that  from  friction — ^increases  as  the  square  of  the 
velocity ;  but  when  the  curves  have  large  radii,  and 
the  bends  are  very  obtuse,  the  loss  is  very  small. 
With  a  head  of  nearly  8  feet,  Venturi's  twenty-third 
experiment,  when  reduced,  gives — ^for  a  short  straight 
tube  16  inches  long,  and  1^  inch  in  diameter,  having 
the  junction  of  the  form  of  the  contracted  vein  very 
nearly  *873  for  the  coefficient  of  discharge.  When  of 
the  same  length  and  diameter,  but  bent  as  in  Diagram 
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I.,  Fig.  40,  the  coefficient  is  reduced  to  '785 ;  and 
when  bent  at  a  right  angle  as  at  h^  Fig.  40,  the  co- 
efficient is  further  reduced  to  *560.  In  these  respec- 
tive cases  we  have  therefore  * 


1*         V  —  -873  V  2gh,  and  A  =  1*812  X  g- 
2.         t?  =  -786  V  2gh,  and  A  =  1-623  x  g- 

8.         t?  =  -560  V^JhisnA  h  =  3-188  x  g-, 

showing  that  the  loss  of  head  in  the  tube  h,  Fig.  40, 

«^ 
from  the  bend,  is  1*876  X  ;r— ,  or  nearly  double  the 

2^ 

theoretical  head  due  to  the  velocity  in  the  tube.     The 
loss  of  head  by  the  circular  bend  is  only  -3115—  , 

or  not  quite  one-sixth  of  the  othen 

Mr*  Mallet's  experiments  with  a  syphon  tube  6''  X 
IJ'',  about  8  feet  long,  suited  for  weir-crests  and  a 
straight  tube  of  the  same  dimensions  every  way  gives 
coefficients  from  "860  to  "874  due  to  the  bend. 

Du  Buat  deduced,  from  about  twenty-five  experi- 
ments, that  the  head  due  to  the  resistance  in  any  bent 
tube  ABCDEFGH,  diagram  1,  Fig.  41,  depends  on 
the  number  of  deflections  between  the  entrance  at  a 
and  the  departure  at  h;  that  it  increases  at  each 
deflection  as  the  square  of  the  sine  of  the  deflected 

**  It  is  stated  that  the  time  necessaiy  for  the  discharge  of  a  given 
quantity  of  water  through  a  straight  pipe  being  1,  the  time  for  an 
eqnal  quantity  throagh  a  cnrye  of  90^  woold  be  1 :11,  with  a  right 
angle  1*57 ;  two  right  angles  would  increase  the  time  to  2*464,  and  two 
cuired  junctions  to  only  1'23.  Vide  Report  on  the  Supply  of 
Water  to  the  Metropolis,  p.  237,  Appendix  No.  8. 
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angle,  abr  for  instance,  and  as  the  square  of  the 
velocity ;  and  that  if  ^,  ^,  <^,  </>s,  &c.,  be  the  number 
of  degrees  in  the  angles  of  deflection  at  b,  c,  d,  e,  &c., 


then  for  measures  in  French  inches  the  height  h^^  due 

to  the  resistance  from  curves,  is 

/iQ«  \       I.  _«'^(sin.V+sin.*^+sin.*<^+8in.*^  +  &c.) 
(136.)       h^ gj^Q 

which  for  measures  in  English  inches  becomes 

/1  or?  \       I.   _«^(sin,V + sin.Vi + sin.*</),+ sin.*</>3+  &c.) 
(187.)      K 3J97 

and  for  measures  in  English  feet, 

/iQQ\       I.  __tJ^(sin.*4>+sin.'<^+sin.*</)i+sin.Vj+&c.) 
(1880      K 266^4 

or,   as  it  may  be  more   generally  expressed  for  all 

measures, 

(189.)     Ab  =  (sin.*^  +  sin.*4^  +  sin.^a  +  sin.  4>z  +  &c.) 

X  ^,^^   ,  m  which 


8-27  flf  ""  266-4 


=  -00876  v^  in 


8-27(7' 
feet. 

The  angle  of  deflection,  in  the  experiments  from 
which  equation  (186)  is  derived,  did  not  exceed  86®. 
It  has  already  been  shown  that  the  loss  of  head  from 
the  circular  bend  in  diagram  I.,  Fig.  40,  where  the 
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angle  of    deflection    is    nearly  45°,  is  '311  -^r-  = 

•00483  v^,  but  as  the  sin.  45°  =  '707;  sin.«45°  =  '6 
then  '00483  t^  =  '00966  'i^  X  sin.*  46°,  or  more  than 
two  and  a  half  times  as  much  as  Du  Buat's  formula 
would  give ;  and  if  it  be  compared  with  Bennie's 
experiments,*  with  a  pipe  16  feet  long,  ^  inch  diameter, 
bent  into  16  curves,  each  3^  inches  radius,  it  would  be 
found  that  the  formula  gives  a  loss  of  head  not  much 
more  than  one  half  of  that  which  may  be  derived  from 
the  observed  change,  '419  to  '870  cubic  feet  per 
minute  in  the  discharge.     See  p.  298. 

Dr.  Young  t  first  perceived  the  necessity  of  taking 
into  consideration  the  length  of  the  curve  and  the 
radius  of  curvature.  In  the  twenty-five  experiments 
made  by  Du  Bu&t,  he  rejected  ten  in  framing  his 
formula,  and  the  remaining  fifteen  agreed  with  it  very 
closely.    Dr.  Yoimg  found 

(140.)  K  =  •^^^^^^^^^^; 

9 
where  ^  is  the  number  of  degrees  in  the  curve  n  p, 
diagram  2,  Fig.  41,  equal  the  angle  n  o  p ;  p  =  o  n 
the  radius  of  curvature  of  the  axis ;  hy^  the  head  due 
to  the  resistance  of  the  curve,  and  i;  the  velocity,  all 
expressed  in  French  inches.  This  formula  reduced 
for  measures  in  English  inches  is 

(141.)  fe^^'0000044^p>xr'. 

P 

and  for  measures  in  English  feet, 

*  Philosophical  TnnsactioiiB  for  1881,  p.  488. 

t  Philosophical  Transactions  for  1808,  pp.  178—175. 
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(142.)  A,=  :000006.*pix^^ 

P 

Equation  (140)  agrees  to  Vrth  of  the  whole  with 
twenty  of  Du  Buat's  experiments,  his  own  formula 
agreeing,  so  closely,  with  only  fifteen  of  them.  The 
resistance  must  evidently  increase  with  the  number 
of  bends  or  curves ;  but  when  they  come  close  upon, 
and  are  grafted  into  each  other,  as  in  diagram  1, 
Fig.  41,  and  in  the  tube  f  b  c  b  e  g.  Fig.  40,  the 
motion  in  one  bend  or  curve  immediately  affects  those 
in  the  adjacent  bends  or  curves,  and  this  law  does 
not  hold. 

Neither  Du  Buat  nor  Young  took  any  notice  of 
the  relation  that  must  exist  between  the  resistance 
and  the  ratio  of  the  radius  of  curvature  to  the  radius 
of  the  pipe*  Weisbach  does,  and  combining  Du  Buat's 
experiments  with  some  of  his  own,  found  for  circulai* 
tubes, 

(143.)    ».  =  jl.x  {-18, +1-847(1;)'}  xJL, 

and  for  quadrangular  tubes, 

(144.)    '^.  =  i|x{-124  +  8-104(^A)J}xiL; 

in  which  </>  is  equal  the  angle  n  o  p  =  n  i  b,  diagram  2, 
Fig.  41 ;  d  the  mean  diameter  of  the  tube,  and  p  the 

radius  n  o  of  the  axis*    When  ^r—  exceeds  "2,  the  value 

Ap 

of -181  +  1-847  (^¥  exceeds  -124  +  S-104  (AV  , 

and  the  resistance  due  to  the  quadrangular  tube  ex- 
ceeds that  due  to  the  circular  one.  The  author 
arranged  and  calculated  the    following  table  of  the 


Digitized  by  VjOOQ  IC 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS. 


297 


numerical  values  of  these  two  expressions  for  the 
more  easy  application  of  equations  (143)  and  (144). 
This  table  will  be  found  of  considerable  use  in  cal- 
culating the  values  of  equations  (148)  and  (144),  as 
the  second  and  fifth  columns  contain  the  values  of 


•181  +  1-847 


ihi- 


and  the  third  and  sixth  columns 


the  values  of  '124  +  8104  \-^—  )S  corresponding  to 

different  values  of  ^r— ;  and  it  is  carried  to  twice  the 
extent  of  those  given  by  Weisbach. 


TABLE  OF  THE  VALUES  OF  THE  EXPRESSIONS. 

-^-\Jand  -124 +  8104  ( ±\l. 


•131  +  1-147 


(/,)' 


»«(,i). 


d 

Circular 

Qoadnuagular 

d 

Circular 

Quadrangular 

2p' 

tubes. 

tubS 

-p' 

tubes. 

tubes. 

•1 

•181 

•124 

•6 

•440 

•648 

•15 

•138 

•128 

•65 

•540 

•811 

•2 

•188 

•135 

•7 

•661 

1-015 

•25 

•145 

•148 

•75 

•806 

1^268 

•8 

•168 

•170 

•8 

•977 

1-645 

•85 

•178 

•208 

•86 

1-177 

1-881 

•4 

•206 

•250 

•9 

1^408 

2-271 

•45 

•244 

•814 

•95 

1^674 

2-718 

•5* 

•294 

•898 

1-00 

1-978 

3-228 

For  bent  tubes,  diagrams  8,  4,  and  6,  Fig.  41,  the 
loss  of  head  is  considerably  greater  than  for  rounded 
tubes.    If,  as  before,  the  angle  nir  be  put  equal  to 


•  The  values  corresponding  to  —  =  '65  are  •860  and  -607  for  cir- 
cnlar  and  qnadrangular  tubes. 
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<I>,1B,  being  at  right  angles  to  i  o  the  line  bisecting  the 
angle  or  bend^  then,  by  decomposing  the  motion,  the 

head  ;r—  becomes  =r—  X    cos.*  <!>  from  the  change  of 
direction ;  and  therefore  a  loss  of  head 

(146.)   Ab  =  (1  -  COS.*  2  4>)^  =  sin.* 2^^ 

'Ig  Zg 

most  take  place.    When  the  angle  is  a  right  angle, 

as  in  diagram  4,  cos.  2  0  =  0,  and  A^  =  77-  >  t^^*  ^ 

to  say,  the  loss  of  head  is  exactly  equal  to  the  theore- 
tical head.    When  the  angle  or  bend  is  acute,  as  in 

diagram  5,  the  loss  of  head  is  (1  +  cos.*  2  <^)  ^r—,  for 

^g 

then  COS.  2  ^  becomes  negative.    Weisbach  does  not 

find  the  loss  of  head  in  a  right  angular  bend  greater 

than  '984  ^r—  ;   while  Venturi's  twenty-third  experi- 
^g 

ment,  made  with  extreme  care,  p.  298,  shows  the  loss 

^A  

to  be  1*876  ^r-.    When  the  pipes  are  long,  however, 
2g 
-J 
the  value  of  ^r-  is  in  general  small,  and  this  correc- 
2flf 

tion  does  not  afifect  the  final  results  in  any  material 
degree. 

Rennie's  experiments,*  with  a  pipe  15  feet  long,  \ 
inch  in  diameter,  and»  with  4  feet  head,  give  the  dis- 
charge per  second 

Cubic  Feet. 

1.  Straight,  see  table,  p.  146 .     .     •    -00699 

2.  Fifteen  semicircular  bends     •     .     '00617 

*  PhiloBophical  TransactionB  for  1831,  -p.  488. 
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8.  One  bend,  aright  angle  8^  inches 

from  the  end  of  the  pipe      .     .     'OOSSe 

4,  Twenty-four  right  angles  .     .     .     '00268 
From  these  data  may   be    fomid  consecutively,  the 
theoretical  discharge  being    '021885   cubic  feet  per 

second,  and  the  theoretical  head  h=  -^  ,  that 

1.  v  =  -819  V2^H,  and  therefore  h=:    9*82  x  ^r- . 

/ -y^ 

2.  V  =  -282  V  2  ^  H,    „  „     H=:  12-58  x  ^^  ; 

^9 
, v^ 

3.  V  =  '254  V  2  flr  H,  and  therefore  h  =  15'50  x  g-r ' 


V 


i.  v  =  '116  V  2  flf  H,    „  „       H  =  74-84  X  2^. 

The  loss  of  head,  therefore,  by  the  introduction  of 
15  semicircular  bends,  is  2*76  o~;  by  the  introduction 

of  one  right  angle,  5*68  5^  ;  and  by  the  introduction 
of  24  right  angles,  64'52  ^,  or  about  12  times  the 

if 

loss  due  to  one  right  angle.      This  shows  that  the 

resistance  does  not  increase  as  the  number  of  bends, 

as  was  before  remarked,  p.  275,  when  they  are  close  to 

each  other.     The  loss  of  head  from  one  right  angle, 

v^    . 
5'68  cT^f  IS  more  than  double  the  loss  from  16  semi- 
^9 

circular  bends,  or  2-76  h~-      The  loss  of  head  for  a 

^9 
right  angular  bend,  determined  from  Venturi's  experi- 

ment,  is  1*876  o— ;  formula  (145)  makes  it  -x—  ;  and 
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Weisbach's  empirical  formula,  (-9457  sin.  <>  +  2*047 
sin.*  4)  o— ,  makes  it  only  '984  h^.      The  formula 

now  in  use  give,  therefore,  results  considerably  under 
the  truth.  It  appears  therefore,  that  the  amount  of 
the  velocity  of  the  water  moving  directly  towards  the 
bend  must  be  taken  into  consideration,  and  also  the 
loss  of  mechanical  effect  from  contraction,  and  eddies 
at  it,  as  weU  as  the  loss  arising  from  the  mere  change 
of  direction. 

BRANCH  PIPES. 

"When  a  pipe  is  joined  to  another,  the  quantity  of 
water  flowing  below  the  junction  b,  diagram  1,  Fig.  42, 
must  be  equal  to  the  sum  of  the  quantities  flowing  in 


- 

• 

Pig. 

.42 

fl.. ......... 

—             ifiS^ 

k — 

— 4^v— O 

^ 

"^^ 

the  upper  branches  in  the  case  of  supply ;  and  when 
the  branch  pipe  draws  off  a  portion  of  the  water,  as 
in  diagram  2,  the  quantity  flowing  above  the  junction 
must  be  equal  to  the  quantities  flowing  in  the  lower 
branches.  Both  cases  differ  only  in  the  motion  being 
from  or  to  the  branches,  which,  in  pipes,  are  generally 
grafted  at  right  angles  to  the  main,  for  practical  con- 
venience, as  shown  at  b  b,  and  then  carried  on  in  any 
given  direction.     The  loss  of  head  arising  from  change 
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of  direction,  equation  (145),  is  sin.*  2  </»  5—,  in  which 

2  0  =  angle  a  b  o ;  but  as  in  general  2  <^  is  a  right 
angle  for  branches  to  mains,  this  source  of  loss  becomes 

then  simply   g--.    In  addition  to  this,  a  loss  of  head 

is  sustained  at  the  junction,  from  a  certain  amount  of 
force  required  to  unite  or  separate  the  water  in  the 
new  channel.  In  the  case  of  drawing  oflF,  diagram  2, 
this  loss  was  estimated  by  D'Aubisson,  from  experi- 
ments by  Genieys,  to  be  about  twice  the  theoretical 

head  due  to  the  velocity  in  the  branch,  or  ^—^    so 

that  the  whole  loss  of  head  arising  from  the  junction  is 

o— +o~"=  o~;;>  or  three  times  the  theoretical  head  due 

to  the  velocity.  In  the  case  of  supply,  the  loss  is  pro- 
bably nearly  the  same.  The  actual  loss  is,  however, 
very  uncertain ;  but,  as  was  before  observed  when  dis- 
cussing the  loss  of  head  occasioned  by  bends,  two  or 

three  times  o~^  is  in  general  so  comparatively  small, 

that  its  omission  does  not  materially  affect  the  final 
results.  A  loss  also  arises  from  contraction,  &c.  See 
pp.  171,  172. 

The  calculations  for  mains  and  branches  become 
often  very  troublesome,  but  they  may  always  be  simpli- 
fied by  rejecting  at  first  any  minor  corrections  for  con- 
traction at  the  orifice  of  entry,  bends,  junctions,  or 
curves.  If,  in  diagram  2,  Fig.  42,  h  be  put  for  the 
head  at  b,  or  height  of  the  surface  of  the  reservoir 
over  it ;  fe^  for  the  fall  from  b  to  a  ;  h^  for  the  fall 
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from  B  to  D ;  Z  equal  the  length  of  pipe  from  b  to  the 
reservoir ;  ^  equal  the  length  b  a  ;  l^  equal  the  length 
B  D ;  r  equal  the  mean  radius  of  the  pipe  b  c ;  r^  the 
mean  radius  of  the  pipe  b  a  ;  r^  the  mean  radius  of 
b  D ;  -y  the  mean  velocity  in  b  c ;  v^^  the  velocity  in 
B  A ;  and  v^  the  velocity  in  b  d,  we  then  find,  by  means 
of  equation  (78),  the  fall  from  the  reservoir  to  a 
equal  to 

(146.)  ^+K={cr  +  c,^-^~  +  {l  +  c,x^^)^^; 
the  fall  from  the  reservoir  to  d  equal  to 

(147.)    A+'^d=(c,  +  c,xi)^+(n..;x^j^; 

and,  as  the  quantity  of  water  passing  from  c  to  b  is 

equal  to  the  sum  of  the  quantities  passing  from  b  to 

A  and  from  b  to  d, 

(148.)  V  7^=v^rl+v^rl 

By  means  of  these  three  equations  any  three  of  the 

quantities  ft,  fe»,  Ad>  ^*  ^»>  ^d>  ^9  \i  &d>  can  be  found,  the 

others  being  given.    Equations  (146)  and  (147)  may 

be  simplified  by  neglecting  c„  the  coeflScient  due  to  the 

orifice  of  entry  from  the  reservoir,  and  1,  the  coefficient 

of  velocity.     They  will  then  become 

(148A.)      W.=c.x(ix^+^X2^). 
and 

(149.)       A+^,=c,x(^X2^+f;x^). 
The  mean  value  of  Ci  for  a  velocity  of  4  feet  per 
second  is  -005741,  and  of  ^,  -0000891.    The  values 
for  any  other  velocities  may  be  had  from  the  table  of 
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coefficients  of  firiction  given  at  p.  229.    When  I,  A, 
and  r  are  given,  the  velocity  v  can  be  had  from  the 

equation,  v  =  ("c"  ^t)'  ^^  more  immediately  from 
Table  VIII. 


GENERAL  EQUATION  FOR  THE  MEAN  VELOCITY. 

A  general  equation  for  finding  the  whole  head  h, 
and  the  mean  velocity  v,  in  any  channel;  and  to 
extend  equations  (73)  and  (74)  so  as  to  comprehend 
the  corrections  due  to  bends,  curves,  &c.,  can  now  be 
given.  Designating,  as  before,  the  height  due  to  the 
resistance  at  the  orifice  of  entry  by 

h,  and  the  corresponding  coefficient  by  e, ; 

hg  the  head  due  to  friction,  and  c,  the  coefficient  of  Mction  ; 

\  the  head  due  to  bends,  and  e^  the  coefficient  of  bends ; 

\  the  head  due  to  cuires,  and  c«  the  coefficient  of  curves  ; 

\  the  head  due  to  erogation,  and  c,  the  coefficient  of  erogation ; 

h^  the  head  due  to  other  resistances,  and  e,  their  mean  coefficient 

then  evidently 

(160.)  n  =  K  +  h  +  K  +  K  +  K+K+  2g> 

that  is  to  say,  by  substituting  for  h„  hf,  &c.,  their 
values  as  previously  found, 

,   v'  I       V*  v' 

^•x2flr  2gf^*      2g' 
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or,  more  briefly, 

/  I  \  r» 

(161.)      H=(l  +  C,  +  C,  X  -  +  Cb  +  Ce  +  C,  +C,j  g-  J 

from  which  may  be  fomid 

( iM. U 

(152.)  v=^^_^_^^^^^[^^_^_^^_^_^^^^J^. 

It  is  to  be  observed  here,  that  for  very  long  uniform 
channels,  the  value  of  the  mean  velocity  will  be  fomid 

in  general  equal  to  <  —  ;  j-  ,  as  the  other  resist- 
ances and  the  head  due  to  the  velocity  are  all  trifling 
compared  with  the  friction,  and  may  be  rejected  without 
error ;  but,  as  before  stated,  it  is  advisable  in  practice, 
when  determining  the  diameter  of  pipes,  p.  246,  to 
increase  the  value  of  Cf,  table,  p.  229,  or  to  increase 
the  diameter  found  from  the  formula  by  one-sixth, 
which  will  increase  the  discharging  power  by  one-half. 
See  Table  XIII. 

In  equations  (74)  and  (151),  the  coeflScient  of  fric- 
tion Cf  depends  on  the  velocity  v,  and  its  value  can  be 
found  from  an  approximate  value  of  that  velocity  from 
the  small  table  at  p,  229.  If,  however,  both  powers 
of  the  velocity  be  used,  as  in  equation  (88),  then,  when 
H  is  the  whole  head,  and  h  the  head  from  the  surface 
to  the  orifice  of  entry 

a  quadratic  equation  from  which  is  fotmd 
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for  a  more  general  value  of  the  velocity  than  that  given 
in  equation  (74).  If  now  c.  be  put  equal  to  c,  +  Cb 
+  Cc  +c^  +  Cx,  in  equation  (151)  we  shall  find 

(152a.)     v=\      (H-*)2yr      ^  /_ gal yU_  g^ 

for  a  more  general  expression  of  equation  (152),  when 
the  simple  power  of  the  velocity,  as  in  equation  (83), 
is  taken  into  consideration.  For  measures  in  English 
feet,  a  =  -0000223  and  i  =  -0000854,  may  be  taken, 
which  correspond  to  those  of  Eytelwein,  in  equation 
(97).  The  value  of  a  is  the  same  in  English  as  in 
French  measures ;  but  the  value  of  6  in  equation  (83), 
for  measures  in  metres,  must  be  divided  by  3-2809  to 
find  its  corresponding  value  for  measures  in  English 

feet.  In  considering  the  head  -^  c„  due  to  contrac- 
tion at  the  orifice  of  entry  as  not  implicitly  comprised 
in  the  primary  values  of  a  and  6,  equation  (83),  Eytel- 
wein is  certainly  more  correct  than  D'Aubuisson,  Trait6 
d'Hydraulique,  pp.  223  et  224,  as  this  head  varies 
with  the  nature  of  the  junction,  and  should  be  con- 
sidered in  connection  with  the  head  due  to  the  velocity, 
or  separately.  It  can  never  be  correctly  considered  as 
a  portion  of  the  head  due  to  friction.  In  all  Du 
Buat's  experiments,  this  head  was  considered  as  a 
portion  of  that  due  to  the  velocity,  and  the  whole 

head,  (1  +  cj  o — >  deducted  to  find  the  head  due  to 

friction  and  thence  the  hydraulic  inclination.  The 
following  values  of  a  and  b  were  those  taken  in  the 
equations  referred  to. 
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VALUES   OF  a  AND  h  FOB   MEASURES    IN   ENGLISH  FEET. 


a. 

b. 

Equation    (88.)  •0000445 

-0000944 

(90.)  -0000178 

•0001061 

(94.)  -0000248 

•0001114 

(98.)  -0000228 

-0000854 

„        (109.)  -0000189 

-0001044 

„        (111.)  -0000241 

•0001114 

„        (114.)  -0000085 

•0001150 

Mean  values  for  all'v 

straight  channels,  |- -0000221 

•0001040 

pipes,  or  rivers   .  J 

These  mean  values  of  a  and  b  give  the  equation 

r  «  =  -0001040  V   +  -0000221  v. 

from  which  we  find 

9615  r  «  =  »   + 

-21  V, 

and  thence 

(158.)  V  =  (9615  r  s  +  -011)*- 

•105  =  98Vr»--l, 

very  nearly,  suited  to  velocities  of  about  2  feet,  p.  281. 

HYDROSTATIC  AND  HYDRAULIC  PRESSURE. — PIEZOMETER. 

When  water  is  at  rest  in  any  vessel  or  channel,  the 
pressure  on  a  unit  of  surfece  is  proportionate  to  the 
head  at  its  centre,*  measured  to  the  surface,  and  is 
expressed  in  lbs.  for  measures  in  feet,  by  62*6  h  s,  in 

*  Thia  is  only  correct  when  the  snrface  is  small  in  depth  compared 
with  the  head.  If  H  be  the  depth  of  a  rectangolar  snr&ce  in  feet^  and 
also  the  head  of  water  measnred  to  the  lower  horizontal  edge,  then  the 
pressure  in  lbs.  is  expressed  by  81}  h'  ;  and  the  centre  of  pressure  is 
at  frds  of  the  depth. ' 
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which  H  is  the  head,  and  s  the  Burfiice  exposed  to  the 
pressure,  both  in  feet  measures.  This  is  the  hydro- 
static  pressure.  In  the  pipe  a  b  c  d  f  e.  Fig.  43,  the 
pressure  at  the  points  b,  c,  d,  f,  and  £,  on  the  sides  of 
the  tube  will  be  respectively  as  the  heads  Bb,  cc,v  d,' 
f/,  and  E  e,  if  all  motion  in  the  tube  be  prevented  by 


stopping  the  discharging  orifice  at  e.  In  this  case  the 
pressure  is  a  maximum  and  hydrostatic ;  but  if  the 
discharging  orifice  at  e  be  partially  or  entirely  open, 
a  portion  of  each  pressure  at  b,  c,  d,  f,  &c.,  is  absorbed 
in  overcoming  the  different  resistances  of  fidction, 
bends,  &c.,  between  it  and  the  orifice  of  entry  at  a, 
and  also  by  the  velocity  in  the  tube,  and  the  difference 
is  the  hydravUc  pressure, 

Bernoulli  first  showed  that  the  head  due  to  the 
pressure  at  any  point,  in  any  tube,  is  equal  to  the 
effective  head  at  that  point,  minus  the  head  due  to  the 
velocity.  When  the  resistances  in  a  tube  vanish,  the 
effective  head  becomes  ^the  hydrostatic  head,  and  by 
representing  the  former  by  Aef  ^^^f  adopting  the  nota- 
tion in  equation  (160), 

*ef  =  H  —  (ftr  +  *f  +  *c  +  &C.), 

X  2 
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and  consequently  the  head  due  to  the  hydraulic  pres- 
sure equal 

(153a.)     Ap=Aef-2^=H«(A,+fc,+At,+&c.)-27- 

K  small  tubes  be  inserted,  as  shown  in  Fig.  48,  at 
the  points  b,  c,  d,  and  f,  the  heights  b  6^,  c  c*,  d  (P, 
F  /*,  to  which  the  water  rises,  will  be  represented  by 
the  corresponding  values  of  h^  in  the  preceding  equa- 
tion ;  and  the  difference  between  the  heights  c  c*,  f/^ 
at  c  and  f,  for  instance,  added  to  the  fall  from  c  to  f 
will,  evidently,  express  the  head  due  to  all  the  resist- 
ances between  c  and  f.  When  h  =  e  6,  and  the 
orifice  at  e  is  open,  from  equation  (150),  h  =  fe^+ft, 

+  ^  +  Ac  +  &c.  -^    o^,   and   therefore    h^   =   0, 
z  g 

that  is,  the  pressure  at  the  discharging  orifice  is 

nothing. 

The  vertical  tubes  at  b,  c,  d,  f,  when  properly 

graduated,  are  termed  piezometers  or  pressure  gauges  ; 

they  not  only  show  the  actual  pressure  at  the  points 

where  placed,  but  also  the  difference  between  any  two ; 

D  (P— B  6^,  for  instance,  added  to  the  difference  of 

head  between  d  and  b,  or  d  d*  will  give  d  (P  —  b  6* 

-^  D  cP  for  the  head  or  pressure  due  to  the  resistances 

between  b  and  d.     This  instrumeut  affords,  perhaps, 

the  very  best  means  of  determining  the  loss  of  head 

due  to  bends,  curves,  diaphragms,  &c.     The  loss  of 

head  due  to  friction,  bend,  diaphragm,  &c.,  between 

K  and  L,  Fig.  43,  is  equal  toKft  —  Li-fxr.    IfM 

be  the  same  distance  from  Lasxis,  lZ  —  Mm  will  be 

the  height  due  to  the  fidction  (l  and  m  being  on  the 

same  level) ;  therefore  kA:  —  lZ  +  kc?  —  l  i-f-Mm 
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=  K  A;  +  Kt;  +  Mm  —  2LZi8tlie  head  due  to  the 
diaphragm  and  bend  both  together.  If  the  diaphragm 
be  absent^  the  head  due  to  the  bend  is  found,  and  if 
the  bend  be  absent,  the  head  due  to  the  diaphragm  is 
had  in  like  manner. 

When  the  discharging  orifice,  as  at  e,  is  quite  open, 
we  have  seen  that  the  pressure  there  is  zero;  but 
when,  as  at  g,  it  is  only  partly  open,  this  is  no  longer 
the  case,  and  the  hydraulic  pressure  increases  from 
zero  to  hydrostatic  pressure,  as  the  orifice  decreases 
from  the  full  section  to  one  indefinitely  small  compared 
with  it.  A  piezometer,  placed  a  short  distance  inside 
G,  will  give  this  pressure  ;  and  the  difference  between 
it  and  the  whole  head  will  be  the  head  due  to  the 
resistances  and  velocity  in  the  pipe  :  from  which,  and 
also  the  length  and  diameter,  the  discharge  may  be 
calculated  as  before  shown.  Again,  by  means  of  the 
head  m  m^^  and  that  due  to  the  velocity  of  approach, 
the  discharge  may  be  found  through  the  diaphragm  g  ; 
see  equation  (45)  and  the  remarks  following  it.  This 
result  must  be  equal  to  the  other ;  and  in  this  way  the 
formulsB  may  be  tested  anew  or  corrected  by  the 
observed  results. 

The  velocity  of  discharge  of  the  tube  a  c  d  e,  may 
be  calculated  by  means  of  any  piezometric  height 
c  c^ ;  for  by  putting  the  whole  fall  from  c*  to  e  equal 

r  2  J  7*  H^  \  \ 

to  hJ,  then,  disregarding  bends,  v  =  \         ii  ^[  >   in 

which  ij  =  c  E.  This  is  evident  from  equation  (152), 
as  it  is  supposed  that  no  part  of  the  head  is  absorbed 
in  generating  velocity,  or  in  overcoming  the  resistance 
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of  bends.    If  the  bend  at  d  were  taken  into  considera- 
tion, then  V  =  '  


SYPHONS. 

If  one  end  of  an  open  tube  be  placed  in  water  and 
the  air  withdrawn,  the  water  will  rise  and  fill  the  tube 
to  a  height  corresponding  to  the  atmospheric  pressure 
at  the  time,  but  in  practice  it  is  advisable  to  reduce 
this  to  about  26  feet.  When  the  tube  is  bent,  as  o  c  r 
in  diagrams  1,  2, 8  and  4,  Fig.  48a,  water  can  be  raised 
to  this  height  over  the  level  of  that  on  the  side  c  o 
and  discharged  at  any  lower  level  on  the  side  c  b. 
The  available  head  or  pressure  /  is  the  difference  of 
level  between  the  upper  and  lower  water  when  the 
latter  rises  over  the  end  r;  and  when  below  r, 
hi  =  h  +  f,  or  the  difference  of  level  between  the 
upper  water  and  the  lower  end  of  the  bent  tube  or 
syphon  is  the  head.  It  is  advisable  to  have  the  lower 
end  R  immersed,  and  hence  c  r  longer  than  c  o,  but 
this  is  not  essential ;  as  long  as  there  is  an  effective 
head  the  arms  may  be  of  the  same  or  unequal  lengths, 
and  the  water  will  flow  off  at  r,  fi'om  the  syphon  o  c  r, 
as  well  as  at  R  from  the  syphon  o  c  r,  but  with  the 
difference  of  velocity  due  to  the  heads  at  r  and  r. 
The  lengths  of  the  arms  c  o,  c  r,  are  however  made  to 
suit  the  circumstances  of  each  case.  In  diagram  1 
the  upper  water  is  at  the  top  of  the  syphon;  in  2  below 
it ;  in  8  above  it.  In  diagram  4  the  arms  of  the 
syphon  are  of  the  same  length  and  the  orifice  of  entry 
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o  and  of  discharge  r  at  the  same  level.  The  water  in 
both  vessels  fintdly  settles  at  a  common  level  t  t^,  and 
fills  the  syphon  all  round  in  which  it  is  maintained  at 


rest  by  the  atmospheric  pressure  on  the  surface  of  the 
common  level  t  t^. 

In  calculating  the  discharge  the  circumstances  to  be 
considered  are  :  The  available  or  effective  head  /; 
the  form  of  the  orifices  of  entry  at  o  and  of  discharge 
at  b;  the  length;  the  hydraulic  mean  depth  of  the 
section, — rectangular  or  circular ;  and  the  bend  at  c 
with  any  smaller  bends  adjoining  o  and  r  to  suit  the 
form  o  0  B  of  the  weir.  If,  as  like  in  formula  (68)  to 
(70l),  a  be  put  for  the  area  of  the  section,  then 

ic^a  V  2gf,  or 
(154.)      ^  —   )  481'6  c^  a  Vfi  feet  measures  in  one 

i  minute, 

in  which  the  value  of  c^  depends  on  the  preceding  con- 
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siderations.  At  pp.  146  and  199  the  values  of  e^  for 
velocities  of  about  eighteen  inches,  and  twenty  feet,  are 
given,  and  by  interpolation  intermediate  values  for  in- 
termediate or  even  higher  velocities  can  be  determined ; 
the  effects  of  bends  are  considered  pp.  291  to  800, 
and  taking  both  together  q  can  be  found  suited  to  the 
form  and  dimensions  of  the  given  syphon. 

If  the  length  of  the  syphon  —  which  is  generally 
rectangular  for  engineering  works — ^be  '60  times  the 
hydraulic  mean  depth,  that  is  equivalent  to  12^  mean 
diameters,  then  the  table  p.  199  gives  *759  for  the 
value  of  Cd  in  a  straight  tube.  Taking  the  coefficient 
due  to  the  bend  at  about  '867,  the  vdue  of  c^  due  to 
the  length  of  this  syphon  and  to  the  bend  at  the  crest 
of  the  weir,  is  '759  X  -867  or  '658.  Hence  eqn.  (164) 
becomes  in  round  numbers 

^D  =  817  a  V/.     for  a  length  of    50  mean 
radii;  also  may  be  found 

D  =  298  a  VytoT  a  length  of  100  mean 
radii;  and 

D  =  268  a  sTfior  a  length  of  200  mean 

^  radii, 

for  the  discharge  in  cubic  feet  per  minute.  If  the 
syphon  were  longer  in  proportion  to  the  hydraulic 
mean  depth,  these  results  would  become  still  less,  and 
more  if  the  orifice  of  entry  were  rounded. 

In  Weale's  Quarterly  Papers  op  Engineering, 
vol.  vi.,  p.  51,  Mr.  Mallet,  in  a  letter  dated  10th  Aug., 
1848,*  addressed  to  Major-General  Sir  John  F.  Bur- 

*  At  this  time  Sir  Jolin  evidently  appears  to  have  lost  faith  in  long 
solid  weirs  as  a  panacea  for  the  Shannon  drainage,  and  in  the  self-esteem 
of  the  Shannon  Commiauoners  on  this  hohhy  of  theirs. 


(164a.) 
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goyne^  B.E.,  then  Chairman  of  the  Board  of  Public 
Works  in  Dublin,  gives  the  result  of  experiments  on  a 
rectangular  syphon  tube  with  a  section  of  six  inches 
wide  by  one-and-a-half  inch  deep,  or  area  of  nine 
square  inches.  The  length  of  the  syphon  is  not 
given,  but  from  the  drawings  given  we  infer  it  to  be 
80  inches,  and  of  the  general  form  given  in  diagrams  1, 
2  and  3,  Fig.  43a,  but  "slightly  bell-mouthed"  at  the 
"  entrance  and  discharging  terminations."  A  straight 
tube  of  the  same  length  and  form  was  made,  and  the 
time  of  discharging  24  cubic  feet  of  water  from  each 
with  the  same  heads  was  as  follows  : — 


Heads  in  inches. 

Time  in  seconds 
for  syphon. 

Time  in  seconds 
for  sMght  tube. 

m 

78 
67i 

67 
59 

The  head  of  10^^  inches  gives  by  calculation  from 
these  experiments,  *860  for  the  coefficient  of  discharge 
due  to  the  bend  over  the  crest ;  and  the  head  of  13^ 
inches,  a  coefficient  of  '874;  which  shows  that  the 
resistance  from  the  bend  was  less  for  a  greater  velocity. 
Mr.  Mallet  also  found  that  with  an  effective  head  of 
8  inches,  24  cubic  feet  were  discharged  in  89  seconds. 
This  gives,  by  calculation,  the  coefficient  '658  for  all 
the  resistances  due  to  the  orifice  of  entry  friction  in 
the  tube  and  bends.  Taking  the  coefficient  of  the 
bend  here  at  '850  as  due  to  a  lesser  head,  this  gives 
'774  for  that  due  to  friction  and  the  orifice  of  entry. 
Another  experiment,  with  a  head  of  llj  inches,  gave  a 
discharge  of  24  cubic  feet  in  78  seconds.      This  is 


Digitized  by  VjOOQ  IC 


314 


THE  DISCHARGE  OF  WATER  FROM 


equivalent  to  a  coefficient  of  *6S6  for  all  resistances, 
and  dividing  by  '860  for  the  bend,  '740  is  found  for  the 
friction  and  orifice  of  entry.     Again 


Experimflnts,  ditchufe  of 
24  cubic  feet. 

Heads  in 
inches. 

Time  In 
seconds. 

General 
coefficient 

Coefficient 
for  bend. 

Coefficient 
for  friction 
end  orifice. 

12J 

18 

14i 

76i 

78 

67i 

•682 
•681 
•640 

•860 
•860 
•874 

•788 
•784 
•782 

The  effective  head  here  to  calculate  the  results  from, 
exceeds  by  f  inch  or  half  the  depth  of  the  tube,  that 
taken  by  Mr.  Mallet,  as  in  the  effective  head  taken  by 
him  this  is  omitted,  but  the  8-inch  head  agrees  with 
that  he  has  taken,  the  error  being  eliminated  by  taking 
a  difference.  Taking  the  mean  general  coefficient  of 
these  results  at  '636,  the  discharge  is  expressed  by  the 
equation 

(164bO  d  =  481'5  X  '636  a  s/J=  806  a  sTJ, 
the  discharge  in  cubic  feet  per  minute  for  feet  measures. 
This  is  less  than  that  before  given  by  our  eqn.  (154a)  by 
about  3}  per  cent. 

The  application  of  the  syphon  for  the  discharge  of 
surplus  waters  is  of  great  value,  and  the  head  can  be 
increased  to  any  extent  not  exceeding  the  difference  of 
level  between  the  upper  and  lower  water.  It  is  not  the 
object  here  to  enter  into  the  question  of  construc- 
tion, or  the  means  of  withdrawing  the  air  or  putting 
the  apparatus  to  work,  but  a  comparison  between  its 
advantages,  lifting-sluices,  and  Le«  Barrages  Hamses 
Mobiles  has  been  already  entered  into  at  p.  291. 
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SECTION  XIL 

RAIN-FALL.  —  CATCHBIENT  BASINS. — DISCHARGES  INTO 
CHANNELS. — DISCHARGE  FROM  SEWERS. — LOSS  FROM 
EVAPORATION,  ETC. 

A  catchment  basin  is  a  district  which  drains  itself 
into  a  river  and  its  tributaries.  It  is  bounded  gene- 
rally by  the  summits  of  the  neighbouring  hills,  ridges, 
or  high  lands  forming  the  water-shed  boundary;  and 
may  vary  in  extent  from  a  few  square  miles  to  many 
thousands ;  that  of  the  Shannon  is  4,544  square  miles. 
The  average  quantity  of  water  which  discharges  itself 
into  a  river  will,  cateris  paribus,  depend  on  the  extent 
of  its  catchment  basin,  and  the  whole  quantity  of  rain 
discharged  on  the  area  of  the  catchment  basin,  includ- 
ing lakes  and  rivers. 

The  QUANTITY  OF  RAIN  which  falls  annually  varies 
with  the  district  and  the  year;  and  it  also  varies  at 
different  parts  of  the  same  district.  The  average 
quantity  in  Ireland  may  be  taken  at  about  84  inches 
deep,  that  which  falls  in  Dublin  being  27  inches,  in 
Armagh,  average  of  14  years,  85  inches ;  in  Eillaloe, 
average  of  17  years,  48  inches ;  in  Galway,  average  of 
11  years,  46  inches;  and  that  in  Cork  41  inches 
nearly.  The  average  yearly  fall  in  Dublin  for  seven 
years,  ending  with  1849,  was  26*407  inches ;  and  the 
maximum  fall  in  any  month  took  place  in  April,  1846, 
being  5*082  inches.  '*  The  average  fall  in  inches  per 
month  for  seven  years,  ending  with  1849,  was  as 
follows : — October,  8*060 ;  August,  2*986  ;   January, 
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TABLE  of  some  CatehmerU  Banns  in  Ireland, 


NamM  of  Drainage  distriets, 
or  Rivers. 


Coontlef  or  Towm. 


in 


AToomore 

Avooa  RiTer  .... 
Ballinaoloe  .... 
Barrow.  Nore,  and  Suir 
Blaokwater  and  Boyne  .  . 
Blackwater  .... 
Blackwater  .  .  .  . 
Blackwater  .... 
Bandon  River  .... 
Bann,  Upper  and  Lower,  and 
the  Main  .  .  .  . 
Boyne     

Bruana  (Ftorbane)  .    . 

Ballvteigue    .... 
BaUiDamore  and  BaUyoonnel 


Wicklow  and  Wexford 

Wicklow. 

Mayo. 

Waterford 

Meath.  Ac. 

Waterford,  Tougfaal 

Armai^h     . 

Meatli  and  KUdare 

Cork  .... 


Breeoffue   . 
HtlHiinaiwrig  . 
Cappagh    . 
Cooianey 


Camoge 
Dunmore 

Dodder 
Deel 
Doe    . 


Foyle . 
Fergus 
Fane  . 
Glyde 

Inny  . 


Knbeggan      .... 
Liffey  and  Tolka  .    . 

Lee 

Lougfa  Gara  and  Mantua .    . 
Lougfaa  Oughtw  and  Oowna 

and  River  Erne  . 
Lough  Neagh  and  Bann  .    . 

Lough  Mask  and  River  Robe 
Louglis  Corrib,  Mask,  and 

Cam 

Longford 

Moy 

MtSn 

Monivea 

Maghera 

Nobber 

Quoile 

Rinn  and  Black  River  . 
Btrokeetown 
Shannon  above  Killaloe 


Slaney 


Down,  Antrim 

Meath,  Westmea^,  Kildare, 
and  King's     .       ... 

King's 

Wexford 

Cavan,  Fermanagh,  Leitrlm, 
and  Roscommon 

Sligo 

Cork 

Oalway 

Sligo 

Limerick 

Oalway,  M^yo,  and  Rosoom- 
mon    ..... 

Dublin 

Meath  and  Westmeath . 

Louth  and  Meath     .       .    . 

Belturbet,  Enniskillen . 

Londcmdeny    .       ... 

Clare  and  Oalway . 

Louth 

Louth,  Meath,  Mooagfaan, 
and  Cavan  .... 

Meath,  Westmeath,  Long- 
ford, and  Cavan. 

Westmeath  and  King's     .    . 

Dublin,  4c    ...        . 

Cork 

Roeoommon,  Mayo,  and  Sligo 

Cavan,Leitrim.  andLongf  ord 
Londonderry,  Antrim,  Down, 

and  Armagh 
Mayo  and  Oalway 

Oalway  and  Mayo 

Longford   . 

Mayo,  Ballina 

Antrim 

Oalway  . 

Down 

Meath     . 

Down 

Loitrim  and  Longford 

Roscommon 

Different  oountiee,  towns 

Athlone,  Limerick 
Wexford    . 


of 


188,000 
179,840 

70,000 
2,176,000 
695,040 
780,160 
886,640 

60,000 
145,920 

810,240 

804,189 

389,120 

26,752 

101.455 
180.408 
23,500 
34,856 
90,744 
61,184 

96,161 

86,200 

64,000 

78,000 

1,014,400 

944,640 

184.400 

87,400 

176,813 

231,116 
88.030 
328,820 
470,400 
128,000 

260,480 

1,411.320 
225,000 

780,000 
72,320 

661,120 
37.600 
54,000 
19,000 
40,000 
67,000 
74,000 
70,000 


200- 

281- 

110- 

3400* 

1066* 

1219- 

5S«- 

781 


1266- 

478-2 
608- 
41-8 

158-5 

282- 
86-7 
54-4 

141-8 
95-6 

150-2 
55- 
100- 
121-9 

1585- 

1476- 
210- 
136-6 

276*3 

9611 

187-6 

613-0 

735- 

200- 

407- 

2205-2 
361 -5 

1218^ 
113-0 
1033- 
90- 
84-4 
29-7 
62-3 
891 
115-6 
109-4 


2.906,160 
521,600 
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TABLE  shouring  Summer  Discharges  of  same  English  Rivers,  as  eol- 
leeted  from  various  authorities,  re-arranged,  showing  to  same  extent 
the  effect  of  Springs  in  supplying  Channels  in  different  places. 


NAMES  OF  RIVERS. 


Ii 

VftUey.   HOL 


Oade,  at  Hunton 
Bridge,  chalk    . 

Lea,  at  Xea  Bridge, 
chalk.    (Renme, 


April,  1796) 

Loddon  (Feb.  1850), 
green  sand    .     . 

Medway,  driest  sea- 
sons (Rennie, 
1787),  clay 

Medway,  ordinary 
summer  ran 
(Rennie,  1787), 
clay  . 

Mimram,  'at  Pan- 
shanger,  chalk  . 

Nene,  at  Peterbo- 
roiu^  oolites, 
Oxford  clay,  and 
lias  .     . 

Pljrm,  at  Sheepstor, 
granite 

Severn,  at  Stone- 
bench,  Silurian  . 

Thames,  at  Staines, 
chalk,  creen  sand, 
Oxford  clay, 
oolites,  ftc.    .     . 

Trent,  at  its  mouth, 
oolites  and  Ox- 
ford clay    . 

Verulam,  at  Bushey 
Hall,  chalk 

Wandle,  below  Car- 
shalton,  chalk   . 


150  to  500 

30  to  600 
110  to  700 


200  to  500 


10  to  600 


800tol,500      7-6 


400  to  2,600 

40  to  700 

100  to  600 

150  to  500 

70  to  850 


69-5 

570-0 
221-8 

481-5 

481-5 
29-2 

620-0 


8,900 

8,086 

8,921 

120-8 

41-0 


If 
ll 


2,500 

8,880 
8,000 

2,209 

2,520 
1,500 

5,000 

500 

88,111 


40,000  12-98 


1,800 
1,800 


36-2 

15-58 
18-58 

4-59 

5-28 
51-4 

8-45 
71-4 
8-49 


14-9 
48-9 


Pi 


8-19 

8-58 
8-01 

1-04 

219 
11-58 

1-88 

15-10 

1-98 

2-98 

8-87 
9-98 


S 

III 


25-4 


26-6 

28-1 
45-0 

24-5 
24-0 
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2-544;  April,  2-608;  November,  2-300;  July,  2-116; 
June,  2-005;  December,  1-988;  September,  1-860; 
May,  1-814;  March,  1-789;  February,  1-584."*  A 
gauge  at  Londonderry,  1795  to  1801,  gives  81  inches 
average ;  one  at  Belfast,  from  1886  to  1841,  gives  85 
inches;  at  Mountjoy,  Phoenix  Park,  182  feet  above 
low  water,  1889  and  1840,  there  is  an  average  of  88 
inches ;  and  at  the  College  of  Surgeons,  52  feet  over 
low  water,  the  average  is  80  inches  for  the  same  two 
years.  Sir  Bobert  Kane  assumes  that  86  inches  is 
the  average  fall  in  Ireland,  and  that  out  of  that 
depth  12  inches,  or  one-third,  passes  on  to  the  sea, 
two-thirds  being  evaporated  and  taken  up  by  plants. 
The  quantity  varies  a  good  deal  with  the  altitude 
of  the  district.  In  parts  of  Westmoreland  it  rises 
sometimes  to  140  inches;  in  London,  an  average 
of  20  years'  observations  gives  a  fall  of  nearly  25 
inches. 

The  tabular  information  has  been  obtained  from  Mr. 
Hughes'  book,  from  Rennie's  reports,  and  other 
sources.  The  effect  of  the  geology  and  fissures  in  the 
chalk  and  mountain  limestone  formations  on  the 
springs  of  a  catchment  basin,  and  on  the  summer 
discharge,  should  be  carefully  noted  as  one  of  the 
elements  entering  into  catchment  basin  statistics. 
Indeed,  the  maximum  and  minimum  discharges  from 
catchments  are  of  as  much  importance  to  the  engineer 
as  the  averages,  and,  for  many  purposes,  more  impor- 
tant. There  was  abundant  opportunity  of  acquiring 
this  information  for  all  our  Irish  rivers,  but  we  are  not 
aware  if  it  was  turned  to  any  useful  account  for  science. 

*  Proceedings  of  the  Royal  Irish  Academy,  vol.  v.,  p.  18. 
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Thorough-drainage  increases  the  supply  and  dis- 
charge. Every  catchment  hdiin  has,  however,  its  own 
pecvUar  data,  and  a  knowledge  of  these  is  necessary 
before  we  can  draw  any  correct  conclusions  for  new 
waterworks  in  connection  toith  it.  It  may  be  remarked^ 
howeyer,  that  any  conclusions  drawn  from  experiments 
on  the  supply  of  tributaries,  particularly  in  high  dis- 
trictSy  are  wholly  inapplicable  to  the  main  channel  into 
which  they  flow.  The  flow  into  tributaries  and  mountain 
streams,  or  riyers,  is  always  more  rapid  than  into  main 
channels  and  riyers  in  flat  districts,  and  the  supply 
from  springs  often  forms  a  large  portion  of  the  water 
flowing  in  them.  Heretofore,  howeyer,  little  depend- 
ence can  be  placed  on  gaugings  unless  the  manner  in 
which  they  were  obtained  was  fully  described. 

Forty  years*  obseryation  at  Greenwich,  Kent,  at  155 
feet  aboye  the  leyel  of  the  sea,  giyes  the  following 
results : — 


DewsriptionoffaU. 

Winter. 

Spring. 

Summer. 

Bntiie 
yesrs. 

Mean  annaal  fletll  .... 

Mazimnm  fall ;  being  a  mean  of 
iive  of  the  wettest  years  during 
forty  years     .... 

Minimum  fall ;  being  a  mean  of 
fiye  of  the  driest  years  during 
forty  years 

inches 
7-86 

11*05 

5*22 

inches 
7*25 

10*86 

4*05 

inches 
10-47 

14-96 

6-80 

inches 
(25-48 
(25*58 

( 84*00 
1  86*87 

18-40 
16*07 

In  this  table  Winter  comprises  Noyember,  December, 
January,  and  February;  Spring,  the  next  four  months ; 
and  Summer,  the  months  of  July,  August,  September, 
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and  October.  The  last  column  contains  means  of  two 
classes  of  years:  the  first  figures  showing  the  ordinary 
years  fi-om  January  to  December,  and  the  second, 
under  the  first,  years  from  November  to  October.* 
We  see  here  that  the  mean  maximum  is  fiiUy  double 
of  the  mean  minimum,  and  about  one-and-a-half 
times  the  mean  annual  fall,  and  therefore  the  necessity 
for  calculating  from  the  minimum  fall  for  all  water 
works  in  which  it  is  an  element,  and  from  the  maxi- 
mum for  sewerage  works  where  it  is  not  intended  to 
pass  off  a  portion  on  the  sur&ce  or  through  other 
available  channels. 

In  the  district  surrounding  the  Upper  Bann  re- 
servoirs in  the  County  Down,  the  average  fall  for 
thirteen  years  has  been  46  inches  at  a  level  of  6  feet 
over  the  top  water  of  Lough  Island  Heavy  Reservoir ; 
and  Mr.  John  Smith,  the  engineer  of  the  work,  says 
that  there  is  a  loss  of  one-third  in  absorption  and 
evaporation;  but  as  the  rainfall  is  greater  on  the 
higher  ground  than  at  the  gauge,  only  one-half  of  the 
whole  rainfiedl  is  probably  available.  Mr.  Manning 
found  for  the  Woodbume  river,  with  a  rainfall  of  86 
inches,  a  flow  of  21*5  inches  was  produced,  or  about 
three-fifths,  which  was  distributed  as  follows : — 

Six  months,  November  to  May,  14*766  fall,  and 

14*351  flow ; 
Six  months,  May  to  November,  21*101  fall,  and 
7-357  flow. 

In  Keswick,  the  average  fall  is  said  to  be  67^^  inches, 
and  in  Upminster,  Essex,  only  19^  inches.    Indeed,  it 

*  See  Mr.  Junes  Simpson  in  the  Metropolitan  Main  Drainage  Re- 
port, 1857,  p.  115. 
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is  requisite  to  obtain  the  fall  from  observation  for  any 
particular  distiict,  when  it  is  necessary  to  apply  the 
results  to  scientific  purposes ;  and  not  the  mean  average 
fall  alone,  but  also  the  maximums  and  minimums  in  a 
series  of  years  and  months  in  each  year. 

Mr.  Symons  gives  (see  Builder  for  1860,  p.  230) 
the  following  heavy  falls  of  rain  during  1859: — 
Wandsworth^  June  12th,  2*17  inches  in  two  hours; 
Manchester^  August  7th,  1*849  inches  in  twenty-four 
hours ;  Southampton,  September  26th,  2*05  inches  in 
two-and-a-quarter  hours;  Truro,  October  25th,  dur- 
ing the  day,  2*4  inches.  The  mean  falls  in  the  South 
Western  Counties,  89*1  inches ;  in  the  South  Eastern 
Counties,  30'2  inches ;  in  the  West  Midland  Counties, 
28  inches ;  in  the  Eastern  Counties,  25*4  inches ;  in 
the  North  Midland  Counties,  24  inches  ;  in  the  North 
Western  Counties,  89  inches ;  in  the  Northern  Coun- 
ties, 56  inches ;  and  the  average  of  all  England,  31*857 
inches. 

As  an  instance  of  extraordinary  rain-fall,  in  con- 
nection with  the  sewage  question,  it  is  stated  that  4 
inches  of  rain  fell  in  one  hour  in  the  Holbom  and 
Finsbury  sewers'  district,  on  the  1st  of  August,  1846 ; 
at  Highgate,  3*5  to  3*3  inches ;  and  at  Greenwich, 
0*95  inches.*  In  India,  the  intensity  of  the  rain-faU 
varies  from  half  an  inch  to  5  inches  in  an  hour. 

In  the  upland  districts  about  Manchester,  Mr. 
Homershamt  gives  the  result  of  observations  at 
Fairfield,  Bolton,  Rocksdale,  Marple,  Comlis  reser- 
voir,  Belmont,   Chapel-en-le-Frith,  and  Whiteholme 

*  Metropolitan  Main  Drainage  Report,  p.  16. 

t  Report  on  the  Supply  of  Water  to  Mancliester. — ^Weale. 

T 
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reservoir,  for  four  years.  These  give  a  maximum  fall 
of  61*4  inches  at  Belmont  Sharpies  in  1847,  and  a 
minimum  of  24'8  at  Whiteholme  reservoir  in  1844, 
the  general  average  for  the  four  years  being  42*49 
inches. 

April  is  the  driest  month,  and  October,  or  about  it, 
the  wettest  month,  and  the  fall  during  different  years 
varies  sometimes  as  much  as  two  to  one  in  the 
same  district. 

The  proportion  between  the  quantity  which  falls, 
and  that  which  passes  from  a  catchment  basin  into 
its  river,  also  varies  very  considerably.  When  the 
sides  of  a  catchment  basin  are  steep  and  staunch,  and 
the  water  passes  off  rapidly  into  the  adjacent  river  or 
tributaries,  there  is  less  loss  by  evaporation  and  perco- 
lation than  when  they  are  nearly  flat.  The  soil, 
subsoil,  and  stratification  have  also  considerable  effect 
on  the  proportion.  Reservoirs  being  generally  con- 
structed adjacent  to  steep  side  falls,  give  a  much  larger 
proportion  of  the  quantity  fallen  than  can  be  obtained 
from  rivers  in  flatter  districts ;  besides,  the  quantity  of 
rain  which  falls  on  the  high  summits,  near  reservoirs, 
almost  always  considerably  exceeds  the  average  fall. 
As  640  acres  is  equal  to  1  square  mile,  and  one  acre  is 
equal  to  43,660  square  feet,  a  fall  of  one  inch  of  rain 
is  equal  to  8,630  cubic  feet  per  acre,  and  to  8,630  X 
640  =  2,328,200  cubic  feet  per  square  mile  :  the  pro- 
portion of  this  fall,  for  each  acre,  or  square  mile  of 
the  catchment  basin,  which  enters  the  river,  must 
depend  entirely  on  the  district  and  local  circumstances, 
the  full  or  maximum  quantity  being  retained  on  lakes. 
A  stream  delivering  53  cubic  feet  per  minute  constantly 
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for  twelve  months  supplies  an  equivalent  to  12  inches 
of  rain-fall  collected  per  square  mile,  and  1  inch  of 
rain  collected  from  each  square  mile  of  catchment 
gives  a  supply  of  4'42  cubic  feet  per  minute,  and 
6'9  cubic  feet  for  each  1000  acres,  flowing  in  both 
cases  for  twelve  months. 


FLOW  EQXnVALENT  TO  A  RAIN-FALL  OF  ONE  INCH  ON  EACH  SQUARE 
MILE,  AND  1000  ACRES,  FLOWING  REOITLARLY,  WITHOITT  LOSS,  FOR 
ONE  MONTH  TO  ONE  YEAR. 


Pot 


I 


For 


s 


For 


I 


One  month 
Two  months  . 
Three  months. 
Four  months  . 


63-  82-8 
26-5  41-4 
17-7  27-6 
18-2  20-7 


Five  months  . 
Six  months  . 
Seven  months. 
Eight  months . 


10-6 
8-8 
7-6 

6-e 


16-6 
13  8 
11-8 
10-3 


Nine  months  . 
Ten  months 
Eleven  months 
Twelvemonths 


It  is  too  often  taken  for  granted  that  the  discharge 
from  a  catchment  basin  takes  place,  into  the  conveying 
channels,  in  nearly  the  same  time  that  a  given  quantity 
of  rain  falls.  Perhaps  the  largest  registry  on  record 
in  Great  Britain  is  a  fall  of  four  inches  in  an  hour. 
The  maximum  fall  in  any  hour  of  any  year  seldom 


QUANTITY   PER  ACRE  FOR  A   GIVEN   DEPTH   OF  FALL. 


FaUin 

Cuhicfeet 

Fall  hi 

Cubic  feet 

FaUin  Cuhicfeet 

1 
FaUhi 

Cubic  feet 

inches. 

per  acre. 

inches. 

per  acre,  i 

inches. 

per  acre. 

inche& 

per  acre. 

2 

7260 

1815     1 

i 

454 

^ 

181 

If 

6352     1 

1861     j 

\ 

408 

1      ^ 

121 

U 

5445 

907 

^ 

363 

.      ^ 

91 

u 

4587 

ii 

726 

h 

302 

1      ^ 

73 

1 

3680    1 

\ 

605     ' 

A 

259 

.      h 

61 

J 

2728    1 

» 

519     1 

^ 

227 

'      h 
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exceeds  half  of  this  amount,  and  then  perhaps  only 
once  in  several  years.  The  quantity  which  falls  will 
not  be  discharged  into  the  channels  in  the  same  time. 
The  quantity  discharged,  and  time,  wiU  depend  a  good 
deal  on  the  season  and  district.  The  arterial  channel 
receives  the  supply  at  different  places  and  from 
different  distances,  and  the  water  in  passing  into 
and  from  it  does  not  encounter  the  same  amount 
of  resistance  as  if  it  all  passed  first  into  the  upper 
end.  Less  sectional  area  is  therefore  necessary 
than  if  the  whole  discharge  had  to  pass  through  the 
whole  length  of  the  channel  and  during  the  time  of 
fall.  The  relation  of  the  quantity  of  rain-fall  to  the 
portion  which  flows  into  the  main  channel,  as  well  as 
the  time  which  it  takes  to  arrive  at  it,  and  the  places 
of  arrival,  must  be  known  before  the  proper  size  of  a 
new  channel  can  be  determined,  particularly  sewers  in 
urban  districts.  A  pipe  sufficient  to  discharge  the 
water  from  200  acres  need  not  be  20  times  the  dis- 
charging power  of  one  exactly  suited  to  10  acres  of 
the  same  district,  for  the  discharge  from  the  outlying 
190  acres  will  not  arrive  at  the  main  in  the  same  time 
as  that  from  the  adjacent  10  acres. 

The  following  table  of  rain-fall,  at  Athlone,  central 
in  Ireland,  was  ftimished  to  the  Royal  Irish  Academy 
by  General  Sir  H.  D.  Jones,  and  is  printed  in  the 
Proceedings.*  The  average  for  four  years  gives  29 
inches,  and  the  effect  on  the  Upper  and  Lower  Sills 
of  the  Lock  as  affecting  the  rise  and  fall  of  the 
Shannon,  affords  valuable  data,  although  not  analysed. 
The  rise  and  fall  on  the  sills  is  the   sum    of  the 

♦  A^ol.  iv. 
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monthly  risings  and  fallings  for  each  year,  and  must 
be  divided  by  12  to  get  the  average  monthly  rise  and 
fall.  In  1845  the  greatest  rise  was  in  January,  2  feet 
9  inches  at  the  upper  sill,  and  3  feet  11 J  inches  at  the 
lower  sill.  In  1846  the  greatest  rise  was  2  feet  5 
inches  in  October,  at  the  upper  sill ;  and  5  feet  &\ 
inches  on  the  lower  sill,  in  August. 


Upper  Sill. 

Lower  Sill. 

Maximum  rise  in 

Maximum  rise  in 

one  month. 

one  month. 

1845    .     . 

,    .     2  ft.  9  in.  January        .    , 

,     .    8  ft.  Hi  in.  Januaiy. 

1846    .     . 

.     .     2  ft.  5  in.  October 

.    .    5  ft.    6i  in.  January. 

1847    .     . 

.     .    8  ft.  1  in.  November     . 

.     .     4  ft    6    in.  May. 

1848    .     , 

.     .     8  ft.  8  in.  February 

.     .     4  ft  11    in.  February. 

The  sum  of  the  risings  and  fallings  for  each  month, 
taken  as  a  mean  of  four  years,  is  nearly  the  same 
at  either  sill.  The  general  average  of  the  rise  and 
fall  for  the  upper  sill,  is  about  1  foot  3|  inches  each 
way,  and  1  foot  lOf  inches  at  the  lower  sill.  These 
would  give  2  feet  7  inches  for  the  average  diflference 
of  level  in  the  Shannon  above,  and  8  feet  9^  inches 
for  that  in  the  Shannon  below.  In  Lough  Allen 
catchment  of  146  square  miles,  the  maximum  rise 
was  sometimes  6  inches  in  24  hom's,  calculated  at 
•568  inch  of  depth  of  rain,  over  the  catchment  area. 
Above  Killaloe,  the  catchment  is  3611  square  miles, 
and  the  floods  about  once  a  year  rose  6  inches  in 
24  hours,  or  '296  inch  in  depth  of  rain  over  the 
catchment.  Once,  in  1840,  it  is  reported  to  have 
risen  12  inches,  or  '6  inch  of  rain  over  the  catchment 
in  one  day.  "  The  greatest  observed  flood  in  the 
Shannon  occurred  in  January,    1853,  when  the  dis- 
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charge  of  Killaloe  marked  1,617,000  cubic  feet  per 
minute,  or  '699  cubic  foot  per  acre  of  catchment. 
The  large  floods  in  the  Armagh  river,  county  Galway, 
yield  from  8  to  10  cubic  feet,  and  a  summer  flood  in 
1861  gave  18*02  cubic  feet  per  minute  for  each 
acre."* 


MAXIMUM   DI8CHAB0ES 

OF  THE  SHANNON  AND  ERNE,   AND  A 

TRIBUTAET  OP  THE 

LATTER,   THE  WOODFORD  RIVER. 

RIVERS  IN  IRFJiAND. 

1 

S 

Maximum 

discharge  per 

minute  in  cubic 

feet 

If 

111 
l|l 

inreTious  to  the  commence- 

about      .       .       .       .       . 

3,000,000 

4637-6 

1,000,000 

0-33 

211 

Lower  Erne,  measured  during 

the  very  high  flooda  of  Jan. 
1851,  at  Belleek         .        .    . 

974,000 

1621-9 

667,611 

0-87 

429 

Upper  Erne,  measured  during 
the  very  high  floodB  of  Jan. 
1861,  at  Belturbet  .       . 

309,000 

482-8 

267,771 

0-83 

631 

Woodford  River,  Countlefl  of 

during  the  very  high  floods 

of  Jan.  1861,  at  BaUyconnell . 

90,000 

140-6 

101,036 

1-12 

717 

Yellow  River,  crupper  portion 
of  the  Woodford  River,  mea- 

8iu«d  during  the  very  high 
floods  of  Jan.  1861,Co.  Lei^^ 

6,000 

7-8 

62,186 

10-43 

6676- 

These  results  show  how  difficult  it  is  to  draw  any 
inference  from  discharge  and  area  of  catchment  alone, 
as  the  discharge,  per  minute  per  acre,  must  vary  with 
the  contour  and  elevation  of  the  district  in  the  same 
course ;    and    with    the   climate,   also,    in    different 

*  Vide  Proceedings  of  the  Institution  of  Civil  Engineers,  Ireland, 
ToL  V.  pp.  165  and  166,  and  Paper  read  by  Thomas  J.  Mulvany,  11th 
February,  1861,  voL  iv.  p.  21. 
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countries.  We  have  ourselves  observed  the  maxi- 
mum discharges  to  vary  up  to  6  cubit  feet  per  minute 
per  acre,  the  lesser  maximums  being  due  to  broad 
flat  districts,  and  the  greater  maximums  to  higher 
and  steeper  districts,  near  the  sources.  In  the 
Proceedings  of  the  Institution  of  Civil  Engineers, 
Ireland,  vol.  iv.,  from  which  we  have  collected  and 
arranged  some  of  the  foregoing  information,  it  is 
stated,  p.  96,  that  the  ratio  of  the  discharge  to  the 
rain-fall,  on  a  catchment  on  the  Glyde,  of  79,433 
acres,  for  three  months,  ending  March  13th,  1851, 
was  1*49  to  1  up  to  January  13th ;  1*39  to  1  up  to 
February  13th;  and  3*86  to  1  up  to  March  13th, 
making  a  general  average  of  1*59  to  1 ;  the  whole 
rain-fall  for  the  three  months  being  only  5*89  inches, 
while  the  discharge  was  9*36  inches !  We  fancy  there 
is  a  mistake  here.  The  whole  catchment  of  the  Glyde 
is  176,813  acres,  and  there  is  no  data  to  show  the 
discharge  previous  to  or  after  the  rain-fall  from  which 
to  calculate  the  diflference  due  to  it  per  se  for  the  three 
months  ;  nor  is  the  place  or  method  of  gauging  stated. 
The  supply  from  springs  and  the  actual  discharge 
before  and  after  rain-fall  must  be  correctly  gauged 
before  the  proportion  passing  into  the  main  channel  in 
a  given  time,  can  be  properly  estimated ;  the  results 
just  stated  clearly  contradict  themselves.  The  fol- 
lowing anomalous  results  from  p.  47  of  the  same  work 
are  also  worthy  of  note.  In  five  different  districts  the 
discharge  is  gauged,  or  estimated,  greater  than  the 
fall,  as  shown  in  the  following  table.  It  is  not  stated, 
however,  if  the  depths  passed  off,  estimated  over  the 
catchments,  include  the  flow  before  the  commencement 
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of  the  rain.     If  so  the  results  are  so  far  useless ;  and 
if  they  do  not  include  it,  there  must  be  an  error  some- 

READ  11th  march,  1851. 


District. 


River. 


Catch- 
ment in 
Acres. 


Dkckmbkr  1850. 


it 


Jamuaby  1851. 


II 

ni 
IS 


IP 

He 


Saleen 
Lannagh 
BaUa      . 
Mask  and  Kobe 

Dalla 


■  I 


Saleen     . 

Castlebar. 

ManuUa. 

Robe 

Dalla 

Owenmore 


2,625 
20,640 
83,500 
70,000 

3,200, 
32,000 


8-55 


I" 


00 


6-26 
6-46 
6-46 

6-527 
5-705 


6-33 


9-20 
8-55 
818 
7-39 


where.  Indeed,  in  the  Robe  we  have  evidence  that 
not  more  than  58  per  cent,  passed  from  the  catchment 
to  the  river,  from  Mr.  Betagh's  valuable  paper,  the 
results  of  which  are  arranged  below.  Also,  in  Jul}', 
1850,  it  is  shown  that  in  the  Lannagh  district  only 
'53  inch  in  depth  passed  off  the  catchment  from  a  faU 
of  1*83  inches,  or  about  one-third  of  the  depth.  The 
method  of  determining  this  was  imobjectionable* 
"Where  such  discrepancies  as  above  exhibited  exist, 
it  is  important  that  the  method  of  gauging,  and  the 
whole  calculation,  should  be  shown,  in  order  that 
other  engineers  should  be  able  to  judge  of  their 
accuracy ;  otherwise  the  results  should  be  rejected,  no 
matter  under  whose  authority  they  may  be  published. 
But  during  the  operations  of  the  Arterial  Drainage 
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Commission  in  Ireland,  from  1845  up  to  the  year 
1858,  science  was  at  a  discount. 

The  following  information  has  been  collected  and 
arranged  by  us  from  a  paper  by  Mr.  Betagh,  in  the 
Proceedings  of  the  Institution  of  Civil  Engineers, 
Ireland,  vol.  iv.  In  January  1851,  8*41  inches  of  rain 
fell  in  seven  days,  producing  the  maximum  discharge 
of  86,886  cubic  feet;  while  in  December  1852,8-17 
inches,  also  falling  in  seven  days,  produced  115,656 
for  the  maximum.    At  the  beginning  of  the  first  tsll 

TABLES  showing  in  detail,  for  the  years  1851  and  1852,  the  Monthly 
Fall  of  Rain  and  the  corresponding  Discharge  of  the  River  Robe,  at 
BcUlinrohe,  County  Mayo  ;  the  catchmerU  basin  being  70,000  acres,  or 
110  square  miles  ;  the  lower  end  100  feet,  the  upper  end  886  feet ;  and 
the  average  height  of  the  swrfaxe  about  180  feet  above  the  level  of  the 
sea.  The  average  fall  of  the  river,  not  including  the  rapids,  is  from 
one  to  two  feet  per  mile  ;  the  catchment  is  ahout  20  miles  long,  about 
one-tenth  of  the  area  bog  or  low  marsh,  and  nine-tenths  clayey  and 
gravelly.     The  river  is  about  88  mUes  long. 


RIVER  ROBE  OBSERVATIONS  IN  1851. 


MONTHS. 


i 

fa 


K^?^^?!^'(lK^^^n;W  ttSuto,  per  aore«  for 
mont  of  70,000  lucres,  for  L.^^  «««4.i.*  *^         * 

each  month. 


each  month. 


January  . 
February . 
March  .  . 
April 

May  .  . 
Jtme . 
July  .  . 
August 
September 
October  . 
November 
December. 


9-8 
6-8 
4*4 
3-4 
1-0 
3-8 
8-8 
2-4 
1-9 
6-0 
1-3 
2-6 


7-4 
4-7 
8*6 
2-6 
0-8 
0-8 
0-6 
0-9 
0-6 
1-6 
1-2 
2-5 


72,448 

49,137 

24,200 

6,820 

7,040 

4.920 

17,055 

4,746 

23,980 

12,852 

44,716 


Total  . 


20,133 
18,420 
10,860 
6,760 
4,126 
1,114 
1,600 
1,240 
1,200 
6,940 
6,000 
6,210 


362,749  '   83,502 


43,378 

30,410 

20,945 

14.355 

6,001 

4,230 

2.658 

4,866 

2,864 

12,688 

7,827 

14.873 


1168 
1-034 
•702 
•346 
•083 
•100 
•070 
•243 
•067 
-342 
•183 


•287 
•263 
•166 
•082 
•069 
•016 
•021 
•017 
•017 
•099 
•086 


•620 
•434 
•300 
•906 
•071 
•060 
•036 
•069 
•040 
•179 
•111 
•206 


163,380  I    4^966 


1189 


S-33 
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RIVER  ROBE  OBSERVATIONS  IN  1862. 
Ctmlinued  from  last  page. 


831 


1 

11 

Discharge  in  cubic  feet 
per  minute,  from  a  catch- 
ment of  70,000  acree,  for 
each  mouth. 

Discharge  in  oubio  feet 
per  minute,  per  acre,  for 
each  month. 

MONTHS. 

25 

1 

» 

5^ 

S 

1 

-S 

. 

i 

5 

January    . 

7-6 

6-2 

41,600 

12,862 

28,730 

•694 

•188 

•410 

PebruaJy  . 

4-8 

4-3 

66,400 

8,190 

26,296 

■806 

•117 

•361 

March 

1-0 

0-7 

9,600 

2,737 

6,702 

•137 

•039 

•095 

tS?-.: 

11 

0-5 

3,981 

1,468 

2,477 

•066 

•020 

•036 

1-9 

0-4 

3,931 

1,060 

1,861 

•056 

•015 

•026 

June . 

6« 

1-2 

22.764 

1,400 

6,647 

•326 

•020 

•093 

July     .    . 

2-6 

10 

16.439 

8,172 

6,057 

•220 

•046 

•087 

August 

4-6 

0-6 

8,866 

2,286 

3,070 

•066 

•082 

•043 

SopteiDDor 

1-8 

0-5 

8,427 

2,642 

2,874 

•048 

•037 

•041 

October    . 

3-« 

1-0 

82,040 

1,114 

6,982 

•467 

•016 

•084 

November 

6-5 

6-2 

46,360 

17,000 

30,742 

•648 

•242 

•439 

December. 

120 

9-6 

116.666 

28,282 

64,846 

1667 

•881 

•783 

Total   . 

63  1 

301 

864,004 

77,093 

176,134 

6  058 

1-097 

2-497 

there  was  flowing  26,640  feet,  leaving  the  effects  of 
the  seven  days'  rain  85,836  —  26,640  =  59,196  cubic 
feet,  while  in  the  second  year  the  quantity  flowing  at 
first  was  75,860  cubic  feet,  leaving  the  effects  of  the 
seven  days'  ram-fall  equal  to  115,656—75,360=40,296 
cubic  feet.  The  effect  of  the  previous  state  of  the 
weather  on  the  catchment  must  always  modify,  to  a 
considerable  extent,  the  discharge  from  a  given  rain- 
fall, and  this  has  more  to  do  with  the  results  than  the 
effect  of  arterial  drainage  itself,  unless  so  far  as  one  is 
a  result  of  the  other.  Taking  the  mean  of  1851  and 
1852,  it  appears  that  the  evaporation  and  absorption 
in  the  Ballinrobe  catchment  were  to  the  rain-fall  as 
41*6  to  98'7,  or  about  42  per  cent.  This  is  certainly, 
from  the  nature  of  the  catchment,  less  than  the  average 
through  Ireland,  which  cannot  be  less  than  60  per 
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cent.  In  high,  steep  districts,  fully  three-fourths,  or 
76  per  cent.,  of  the  rain-fall  can  be  collected,  and  at 
times,  when  the  catchment  is  saturated,  nearly  tlie 
whole  ;  even  in  some  few  limited  cases,  when  springs 
or  hidden  supplies  are  re-tapped,  a  larger  discharge 
may  take  place  than  that  due  to  the  catchment 
and  rain-fall;  but  these  do  not  aflfect  the  general 
question. 

The  effects  of  absorption  and  evaporation  are  very 
variable ;  sometimes  58  or  60  per  cenV  of  the  annual 
fall  is  carried  off  in  this  way  from  ordinary  flat  tillage 
soils,  and  other  estimates  are  much  higher;  much,  how- 
ever, depends  on  the  soil,  subsoil,  inclination,  stratifica- 
tion, geological  formation,  and  season.  The  evaporation 
from  water  surfaces  exceeds  the  annual  fall  in  these 
coimtries  by  about  one-third ;  and  that  from  flat,  marsh, 
and  callow  lands  exceeds  the  evaporation  from  ordinar}' 
tillage,  porous,  and  high  lands.  When  the  flat  lands 
along  the  banks  of  rivers  extend  considerably  on  both 
sides,  an  extra  fall  is  necessary  into  the  main  channel, 
along  the  noimal  drains,  otherwise  such  lands  must 
suffer  from  excessive  evaporation  as  well  as  floods. 
Evaporation  and  absorption  also  var}"  with  the 
climate,  but  in  this  country'  we  may  safely  assume 
that  one-third  of  the  whole  rain-fall  passes  on  to 
the  sea. 

The  absorption  and  evaporation  must  not,  however, 
be  taken  as  proportionate  to  the  rain-fall.  From  14 
to  16  inches  from  land  (and  about  33  inches  from 
water)  may  be  taken  in  this  country  as  the  allowance 
to  be  made ;  equivalent  to  an  average  of  about 
15  inches.      The    evaporation  from   the    suiface   of 
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reservoirs  is  said  to  be  about  4  feet  in  India.     But  it 
is  probably  greater. 

In  a  paper  in  the  Journal  of  the  Royal  Agricultural 
Society  of  England,  vol.  v.  part  1,  1844,  Mr.  Josiah 
Parkes  shows,  that  42 J  per  cent,  of  the  whole  annual 
rain  of  England  filters  through  the  soil,  and  57 J^  per 
cent,  evaporated,  being  the  mean  results  of  eight 
years'  observations,  from  1886  to  1848,  both  included. 
The  mean  evaporation  and  filtration  for  each  month 
during  this  period  are  shown  and  arranged  by  us  in  the 
following  table : — 


MONTHS 

Tntal 
falling. 

Evaporated. 

Deposited  in 
tons  and  cubic 
feet  per  acre. 

Inches. 

Inchee. 

Per 

cent. 

Inohea 

Per 
cent 

CuWc 
feet 

Tons. 

January  . 
February 
March     . 
April  . 
May 
June  , 
July 
August 
September  \ 
October 
November 
December    . 

i    ' 

1-847 
1-971 
1-617 
1-456 
1-856 
2-213 
2-287 
2-427 
2-639 
2-823 
8-837 
1-641 

-540 
•424 
•540 
1-150 
1-748 
2174 
2-246 
2-391 
2-270 
1-423 
0-679 
0-164 

29-3 
21-6 
83-4 
79-0 
94-2 
98-3 
98-2 
98-6 
86-1 
50-5 
151 
00-0 

1-307 
1-547 
1-077 
0-806 
0-108 
0-039 
0.024 
0-036 
0-369 
1-400 
8-258 
1-477 

70-7 

78-4 

66-6 

210 

5-8 

1-7 

1-8 

1-4 

13-9 

49-5 

84-9 

100-0 

4,744 

6,616 

3,910 

1,111 

392 

142 

87 

181 

1,339 

6,082 

11,826 

6,552 

132 

156 

109 

39 

11 

4 

2-4 

3-6 

37 

141 

328 

182 

Yearly  averages 

26-614 

15-820 

67-6 

11-294 

42-4 

40,932 

1145 

The  maximum  quantity,  82*10  inches,  fell  in  1841, 
and  the  minimum  in  1887, 21'10  inches.  The  maximum 
and  minimum  quantities  respectively  which  fell  in 
January  were  3*95  and  '81  inches ;  in  February  2"85 
and  1*02  inches ;  in  March  8'66  and  0*84  inches ;  in, 
April  2*57  and  "84  inches ;  in  May  6"00  and  70  inches; 
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in  June  S'Sl  and  1-33  inches ;  in  July  4*36  and  I'SO 
inches ;  in  August  3'65  and  0*95  inches ;  in  Septem- 
ber 4*50  and  0*63  inches  ;  in  October  4*82  and  1*41 
inches;  in  November  5*77  and  2*05  inches;  and  in 
December  3*02  and  '40  inches.  The  greatest  quanti- 
ties fall  in  September,  October,  and  November,  and 
the  least  in  February,  March,  and  Apiil.  The  general 
mean  fall  for  England  is  said  to  be  31^  inches,  and 
near  London  25  inches. 

The  amount  of  rain  varies,  not  only  at  diflferent 
places  and  diflferent  elevations,  but  also  at  diflTerent 
elevations  in  the  same  place.  The  following  table 
shows  the  amount  of  rain  collected  in  each  month  in 
1855  at  Greenwich  Observatory,  at  diflTerent  eleva- 
tions :— 


Month  in  1855 

Osier's  anemo- 

On  the  roof     Cylinder  partly 
of  the        j    Slink  in  the 
libraiy.        {       ground. 

January 

February 

March  . 

April 

May     . 

June 

July     . 

August 

Septembei 

October 

Novembei 

December 

r 

0-2 
0-2 
0-5 
01 
0-6 
0-6 
31 
0-6 
0-8 
2-6 
0-6 
0-4 

10 
1-4 
1-3 
01 
1-5 
0-7 
4-8 
0-8 
11 
4-6 
M 
0-9 

1-5 
1-0 
20 
01 
1-8 
0-9 
5-8 
1-4 
20 
5-2 
1-5 
11 

Totals     . 

100 

19-2          1        23-8 

The  cylinder  gauge  was  placed  155  feet  above  the 
level  of  the  sea ;  the  gauge  on  the  roof  of  the  library 
22  feet  over  the  cylinder  gauge,  and  Osier's  anemo- 
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meter  gauge  28  feet  higher  than  the  gauge  on  the  roof 
of  the  library.  In  the  valleys  in  the  lake  districts  of 
Westmoreland  and  Cumberland,  the  annual  fall  varies 
occasionally  from  50  to  100  inches,  and  the  maximum 
fall  is  said  to  obtain  at  about  2000  feet  above  the  level 
of  the  sea  on  high  catchments. 

At  Ballinrobe,  a  gauge  placed  on  the  church  tower, 
60  feet  above  the  ground,  indicated  42  per  cent,  less 
rain  than  one  on  the  ground ;  and  another  experiment 
with  a  change  of  gauges,  gave  68  per  cent,  less  at  the 
greater  elevation ! 

At  Einfauns  Castle,  Scotland,  a  gauge  600  feet 
high  on  a  hill,  gave  41^  inches,  while  one  at  the 
base,  680  feet  lower,  gave  only  25|  inches.  In  Kes- 
wick, tl^e  fall  is  &5^  inches,  and  in  Carlisle  only 
30  inches.  At  Kendal  the  fall  is  60  inches ;  at  Man- 
chester 38  inches ;  at  Lancaster  45  inches ;  at  Liver- 
pool 34  inches. 

From  the  23rd  of  February  to  the  6th  of  June,  1860, 
the  rain  at  Dublin  was  8  inches.  At  the  Lee  fin 
Mountain,  which  is  2000  feet  high,  the  rain  was  13*1 
inches.  From  the  23rd  of  February  to  the  9th  of 
July,  the  rain  at  Dublin  was  10*674  inches ;  and  at 
the  same  time,  on  the  Leefin  Mountains  (over  Ballys- 
mutten),  18' 1  inches  ;  that  is,  an  increase  of  nearly  80 
per  cent,  in  that  time.  From  the  23rd  February  to 
the  21st  August,  inclusive,  the  rain-fall  at  Dublin  was 
17  inches ;  at  Blessington  21  inches ;  at  Ballysmutten, 
on  the  site  of  a  proposed  reservoir,  27  inches.  This 
showed  an  increase  over  Dublin  of  10  inches.  It 
would  appear  that  from  60  to  nearly  80  per  cent,  more 
rain  fell  at  Ballysmutten  than  at  Dublin.     It  would 
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however  have  been  more  correct  to  compare  the  rain- 
fall at  Kingstown  or  Bray  with  that  on  the  adjacent 
momitains  than  the  rain-fall  of  Dublin. 

Experiments  were  made  at  York  in  1832,  1838,  and 
1834,  for  the  British  Association,  with  three  gauges 
— ^ihe  first  placed  on  a  large  grass  plot  in  the  grounds 
of  the  Yorkshire  Museum ;  the  second  at  a  higlier 
elevation,  43  feet  8  inches,  on  the  roof  of  the  Museum; 
and  the  third  on  a  pole  9  feet  above  the  battlements  of 
the  great  tower  of  the  Alinster,  at  an  elevation  over 
the  gauge  on  the  ground  of  212  feet  10^^  inches.  The 
quantities  received  were  as  follows : — 

Ayerage  depth  for 
Depth  for  three  years.         one  year. 
First  gauge.        .        .     64*430  inches    .    .    21*477  inches 
Second  gauge  .        .     .     62169      „        .    .     17*889     „ 
Third  gauge.        .        .     88*972      „        .     .    12*991     „ 

Professor  Phillips  gives  the  following  formula  for 
calculating  the  difference  between  the  ratios  of  rain 
falling  on  the  ground  and  at  any  height  h  in  the  same 
place — f  the  temperature  of  the  season,  and  c  a  co- 
efficient dependent  upon  it ;  then  the  difference  d  is 

f 
d  =^  c  h  — . 
110 

The  mean  height  at  which  rain  begins  to  be  formed  by 

this  formula  is  1,747  feet  over  the  ground;  and  at 

356  feet  high,  the  depth  which  falls  is  one-half  of  what 

falls  on  the  groimd.* 

A  discussion  of  the  mean  temperature  in  connexion 

with  the  fall  of  rain,  was  completed  at  Greenwich  for 

the  years  1852,  1863,  and  1854 ;    and  at  Oxford  for 

♦  Vide  Civil  Engineer  and  Architect's  Journal  for  1860,  p.  167, 
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the  years  1855,  1856,  and  1857.  The  result  shows 
an  average  of  160*3  rainy  days  at  Greenwich  for  each 
year,  and  146*6  at  Oxford.  The  difference  of  the 
mean  temperatures  of  the  day  of  rain  and  the  day 
before  is  less  than  that  of  the  day  of  rain  and  the  day 
after. 


Mean  tempera- 

Mean tempera- 

Mean tempe- 

ture, day 

ture,  day  of 

rature,  day 

before  rain. 

rain. 

after  rain. 

Greenwich  observations    49  •26'      . 

.      49-27'*      . 

.      48-98'* 

Oxford             do.             49 '50       . 

.       49-68       . 

.      49-44 

Dividing  the  winds  into  two  groups,  northerly  and 
southerly,  the  Oxford  observations  give  the  direction 
for  218*5  days'  fair  weather.  The  wind  was  northerly 
for  131*6  days,  and  southerly  for  87  days.  For  the 
remaining  146*5  rainy  days,  the  wind  was  northerly 
for  64*5  days,  and  southerly  for  82  days. 

SEWERAGE. 

"  The  future  population  of  the  suburbs  of  London 
is  calculated  at  80,000  inhabitants  per  square  mile. 
According  to  the  following  data,  some  of  the  densest 
portions  of  our  large  towns  have  a  population  of  220 
persons  to  an  acre.  The  population  on  the  north  side 
of  the  Thames  is  about  75  persons  per  acre,  and  on 
the  south  side  28  persons  per  acre.  Taking  the 
average  density  of  population  in  our  twenty-one 
principal  towns,  there  appear  to  be  5045  inhabitants 
to  the  square  mile;  but,  from  the  following  table, 
extracted  from  Dr.  Duncan's  report  on  Liverpool,  it 
will  be  seen  that  if  we  select  five  of  our  most  populous 
cities,  the  average  in  these  is  much  greater,  while 
in  others,  it  is  equally  certain  that  the  crowding  is 

2 
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far  less  than  the  general  standard  to  which  we  have 
referred : — 

Inhabitants  to  a  Square  Mile. 
Towns.  Total  Area.  Boilded  Area. 


Leeds. 

.      20,892    . 

87,266 

London  . 

.     .      27,428    . 

.      50,000 

Binningham 

.      88,669    . 

.      40,000 

Manchester    . 

.     .       88,224    . 

.     100,000 

Liverpool    . 

.     100.899    . 

.     188,224 

Dr.  Duncan,  however,  states  that  there  is  a  district 
in  Liverpool  containing  12,000  inhabitants  crowded 
together  on  a  surface  of  only  105,000  square  yards, 
which  gives  a  ratio  of  460,000  inhabitants  to  the 
geographical  square  nule.  In  the  East  and  West 
London  Unions,  Mr.  Farr  has  estimated  that  there 
are  nearly  243,000  inhabitants  to  a  geographical  square 
mile  ;  but,  great  as  this  overcrowdingis,  the  maximum 
density  of  Liverpool  is  nearly  double  that  of  the  me- 
tropolis." * 

Great  Towns. — The  Registrar-General  estimates 
the  population  of  the  metropolis  in  the  middle  of  the 
year  1870  at  3,214,707,  being  41*2  persons  to  an  acre. 
This  is  London  with  the  suburbs,  from  Hampstead  to 
Streatham,  and  from  Woolwich  to  Hammersmith.  He 
estimates  the  population  of  Liverpool  in  the  middle  of 
the  year  1870  at  617,567,  or  101*3  persons  to  an  acre; 
Manchester,  874,998,  or  83'6  per  acre ;  and  Salford, 
121,680,  or  23-5  per  acre ;  Birmingham,  369,604,  or 
47*2  per  acre  ;  Leeds,  259,527,  or  12  per  acre ;  Shef- 
field, 247,378,  or  10*8  per  acre ;  Bristol,  171,882,  or 
86*6  per  acre ;  Bradford,  143*197,  or  21*7  per  acre  ; 
Newcastle-upon-Tyne,  133*367,  or  25  per  acre ;  HuU, 

♦  Illustrated  News,  September  8th,  1855. 
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180,869,  or  86'7  per  acre ;  Portsmouth,  122,084,  or 
12*8  per  acre ;  Leicester,  97,427,  or  80*4  per  acre ; 
Sunderland,  94,267,  or  19*6  per  acre ;  Nottingham, 
88,888,  or  44*6  per  acre ;  Norwich,  81,087,  or  10*9 
per  acre ;  Wolverhampton,  72,990,  or  21*5  per  acre. 
The  area  taken  is  the  municipal  boundary  in  all  cases 
except  London.  The  population  of  Edinburgh  is 
estimated  at  178,970,  or  40*4  per  acre ;  of  Glasgow, 
468,189,  or  92*5  per  acre;  of  Dublin,  with  some 
suburbs,  821,540,  or  88  per  acre.  The  population  of 
these  twenty  towns  of  the  United  Kingdom  is  thus 
estimated  at  7,209,608.  The  population  of  Paris  is 
estimated  at  1,889,842;  of  Vienna,  605,200;  of 
Berlin,  702,487. 

The  amount  of  sewage  is  calculated  at  about  five 
CUBIC  FEET  PER  PERSON,  including  the  supply  from 
manufactories,  breweries,  distilleries,  &c.  So  high 
as  SEVEN  FEET  PER  HEAD  has  been  recommended 
as  data  to  calculate  from  by  Captain  Galton  and 
Messrs.  Simpson  and  Blackwell,  in  their  Keport  on 
the  Main  Drainage,  and  it  has  been  found  that  about 
half  of  the  estimated  quantity  of  sewage  would  be 
passed  off  in  six  or  eight  hours. 

In  calculating  the  size  of  sewers,  however,  the  rain- 
fall must  be  provided  for,  in  addition  to  the  sewage 
matter  from  tiouses  and  public  establishments.  Mr. 
Bazalgette  calculated  this  for  the  London  sewerage 
at  ^th  of  an  inch  fall  in  24  hours  in  the  urban 
districts,  and  ^th  of  an  inch  for  the  suburban  districts. 
Captain  Galton  and  Messrs.  Simpson  and  Blackwell 
assumed  -^ths  of  an  inch  fall  during  eight  hours' 
maximum  flow.    This  would  be  1,452  feet  per  acre. 

z  2 
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Assuming  the  highest  data,  we  shall  have  to  provide 
sewers  to  discharge  in  eight  hours 

1,452    cuhic  feet  of  rain  water  per  acre, 

3^^  cubic  feet  of  sewage  nearly  per  person. 
Assuming  a  population  of  80  persons  per  acre,  then 
these  figures  would  become 

1,452  cubic  feet  for  rain,  f  ^,  «i«^*  hours   or 

280  cubic  feet  for  sewage,       \o^\H  <=^  /«« 

\per  minute,per  acre^ 

which  shows  that  the  sewage  is  not  more  thanjth 
of  the  rain  water ;  and  that,  in  calculations  for  the 
size  of  sewers,  the  surface  water  is  the  most  important 
element  to  be  considered.  If  we  had  assumed  a  larger 
fall  of  rain,  the  diflference  between  sewage  and  rain 
would  be  greater.  On  the  20th  June,  1857,  the  day 
after  heavy  rain,  the  referees  on  the  Metropolitan 
Drainage  question  found  the  Norfolk-street  sewer  to 
discharge  8  feet ;  the  Essex-street  sewer  6^^  feet ;  the 
Northumberland-street  sewer  SJ  feet ;  and  the  Savoy- 
street  sewer  20  J  feet  per  minute  per  acre ;  but  the  last 
result  has  been  controverted. 

It  appears  that  the  daily  amount  of  sewage  varies 
from  4*8  cubic  feet  per  head  in  the  more  thickly  in- 
habited portions  of  London,  occupied  by  a  larger 
portion  of  the  poorer  classes,  to  8  cubic  feet  per  head 
in  the  western  districts,  where  the  value  of  water 
is  more  appreciated,  and  the  cost  less  a  matter  of 
consideration ;  and  the  average  of  the  whole  metro- 
politan districts  appears  to  be  5*8  cubic  feet  per  head 
per  diem.  If  the  day  be  divided  into  three  periods  of 
eight  hours  each,  the  amount  of  the  maximum  flow  is 
between  nine  a.m.  and  five  p.m.  and  49  per  cent,  of  the 
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whole ;  whilst  only  18  per  cent,  flows  during  the  eight 
hours  of  minimum  flow,  which  occur  between  eleven 
P.M.  and  seven  a.m.*  The  advantage  of  storm  flows 
in  flushing  is  shown  by  the  heavy  rain  which  occurred 
on  the  20th  of  June,  causing  a  flow  in  the  Savoy-street 
sewer  which  was  equivalent  to  20  times  the  ordinary 
flow  at  the  time.  This  was  six  times  the  maximum 
flow,  and  although  the  sewer  had  been  scoured,  to  a  con- 
siderable  extent,  by  a  heavy  faU  of  rain  on  the  previous 
night,  the  sample  contained  more  than  double  the 
amount  of  total  impurity  contained  in  specimens  of 
ordinary  sewage. 

In  a  town  district,  such  as  that  drained  by  the 
Savoy  and  Northumberland-street  sewers,  the  quantity 
running  off  into  sewers,  within  six  hours  after  the  fall, 
varies  from  10  to  60  per  cent,  of  the  quantity  fallen. 
Of  the  rain  during  the  storm  of  the  20th  June,  1857, 
nearly  one  inch-and-a-quarter  in  an  hour,  65  per  cent, 
ran  off  within  15  hours  of  the  fall,  viz. : — 

46  per  cent,  in  45  minutes  after  the  rain  ceased, 

14       „        in  the  next  6f  hours, 
6       „        in  the  next  7i  hours. 
In  a  suburban  locality,  such  as  the  Coimter  Creek  sewer 
drain,  the  quantity  reaching  the  sewers  would  vary  from 
0  to  30  or  40  per  cent,  in  24  hours  after  the  rain.t 

In  the  Holbom  and  Finsbury  divisions  Mr.  Roe 
calculated  that  an  18-inch  cylindrical  pipe,  laid  at  an 
inclination  of  1  in  80,  is  sufficient  for  20  acres  of 
house  sewage,  while  a  5-inch  pipe,  laid  at  an  inclina- 
tion of  1  in  20,  is  necessary  for  1  acre,  and  a  3-inch 

*  Metropolitan  Main  Drainage  Report,  pp.  15,  17. 
t  Ibid.,  pp.  75,  76. 
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pipe,  laid  also  at  1  in  20,  for  \  acre.  A  pipe  80" 
in  diameter,  laid  with  an  inclination  of  1  in  200,  would 
discharge  1700  cubic  feet  per  minute,  and  perfectly 
drain  200  acres  of  urban  land  covered  with  houses  to 
the  extent  of  4000  or  upwards,  and  each  house  having 
a  water  supply  of  150  gallons  per  diem.  In  each  of 
these  cases,  however,  the  discharge  must  depend  on  the 
head  and  length  of  the  pipe  as  well  as  the  inclination 
at  which  it  is  laid.  Assuming  the  inclination  of  those 
pipes  to  correspond  with  the  hydraulic  inclination,  we 
have  calculated  their  discharging  powers  with  water  to 
be  respectively  807,  72,  20,  and  1700  cubic  feet  per 
minute,  the  areas  to  be  drained  being  20,  1,  ^,  and 
200  acres.  In  all  calculations  of  this  kind  it  is  neces- 
sary to  ascertain  not  only  the  maximum  rain-fall  per 
houry  but  also  the  proportions  discharged  per  hour, 
according  to  the  season  and  district^  into  tlie  main 
channel,  as  well  as  the  junctions  or  places  of  arrival. 
In  urban  districts,  1500,  2100,  and  sometimes  8600 
cubic  feet  pei^  hour  per  acre,  have  to  be  discharged 
after  extraordinary  rain-falls.  These  may  be  taken  as 
maximum  results.  The  gaugings  of  the  Westminster 
sewers  in  summer  give  68  cubic  feet  per  hour  for  the 
urban,  and  17  cubic  feet  for  the  suburban,  according 
to  l^lr,  Hawkins. 

In  urban  districts,  however,  a  much  larger  quantity 
of  water  is  conveyed  more  rapidly,  cateris  paribus ,  to 
the  mains,  than  in  suburban  districts  and  catchment 
basins  generally,  in  which  the  maximum  discharge 
per  acre  per  hour,  even  in  the  steeper  and  higher 
districts,  seldom  exceeds  700  cubic  feet,,  and  varies 
from  about  20  cubic  feet  for  the  larger  and  flatter 
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districts  upwards.  This  arises  firom  the  impervious 
nature  of  the  surfaces  it  falls  upon  in  towns,  and  the 
lesser  waste  in  passing  to  the  drains,  as  well  as  a  large 
portion  of  the  supply  being  often  artificial.  From  70 
to  90  cubic  feet  *  per  acre  per  hour,  is  generally  taken 
for  the  maximum  discharge  from  the  average  number 
of  catchment  basins ;  this  is  nearly  equal  to  a  supply 
of  one-fiftieth  part  of  an  inch  in  depth  from  the  whole 
area.  

SECTION  XIII. 

WATER  SUPPLY  FOR  TOWNS. — STRENGTH  OP  PIPES. — 
SEWERAGE  ESTIMATES  AND  COST.  —  THOROUGH- 
DRAINAGE. — ^ARTERIAL  DRAINAGE. 

SUPPLY. QUALITY. 

The  supply  of  water  to  towns  has  become  latterly 
a  subject  of  considerable  importance.  Three  points 
have  to  be  considered;  —  firstly,  a  sufficient  and 
constant  supply  at  high  pressure,  when  it  can  be 
obtained  within  a  reasonable  expenditure ;  secondly, 
the  quality ;  and,  thirdly,  the  cost.  The  advantages 
in  towns  of  high  pressure  are  now  apparent  to  all  in 
overcoming  fire ;  fronts  of  houses  and  pavements  may 
also  be  cleaned,  and  streets  watered  if  the  supply  be 
abundant.  The  highest  apartments  can  be  supplied, 
and  even  mechanical  power  can  be  obtained  for  many 
purposes,  as  grinding  cofifee,  at  a  reasonable  cost. 
Mr.  Glynn  says,t  "  In  many  parts  of  London  water  is 

*  Some  interesting  observations  on  rain-fall  and  flood  discharges  are 
given  in  the  Transactions  of  the  Institution  of  Civil  Engineers,  Ireland, 
for  1851,  pp.  19-83,  and  pp.  44-52. 

t  Power  of  Water.— Wbalr. 
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supplied  at  4d.  for  1000  gallons,  at  a  pressure  of  160 
feet :  a  gallon  of  water  weighs  10  lbs.,  so  that  1000 
gallons  of  water  falling  150  feet,  are  equal  to 
1,500,000  lbs.  falling  one  foot;  and  if  1500  gallons 
of  water  be  used  in  one  hour,  they  are  equal  to 
37,500  lbs.  falling  one  foot  in  one  minute,  or  some- 
what more  than  a  horse's  power,  which  is  38,000; 
therefore,  it  may  be  assumed,  that  the  cost  of  a  horse's 
power  for  an  hour  in  such  cases,  is  only  6d." 

The  number  of  gallons  of  water  required  for  the 
supply  of  each  person,  including  all  collateral  uses, 
has  been  differently  estimated,  and  varies  in  almost 
every  town,  and  even  in  the  same  city — London,  for 
instance,  when  supplied  by  different  companies  and 
under  different  systems.  44  gallons  per  head,  per 
diem,  were  supplied  by  the  several  companies  of 
London  in  1853,  while  evidence  has  been  given  to 
show  that  the  actual  average  consumption  for  aU 
purposes  did  not  exceed  10  gallons  per  head,  per 
diem;  the  remainder  having  been  wasted  under  an 
imperfect  system  of  distribution.  It  is  asserted  that 
when  the  supply  is  25  gallons  per  head,  per  diem,  that 
6  gallons  of  it  are  used  for  purposes  requiring  filtra- 
tion, 10  gallons  for  purposes  not  requiring  filtration, 
and  10  gallons  wasted,  or  two-fifths  of  the  supply. 
As  there  must  be  a  considerable  loss  under  even 
the  best  system  of  supply,  we  may  assume,  with  the 
Board  of  Health,  that  a  minimum  supply  of  75 
gallons  per  house,  per  diem,  or  15  gallons  per  person, 
per  diem,  is  necessary. 

The  following  is  an  abstract  of  the  average  number 
of  gallons  of  water  furnished  per  diem,  by  different 
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water  companies  in  London,  during  the  year  1858,  to 
each  house,  including  manufactories  and  public  estab- 
lishments as  houses : — 


New  River  CJompany 

East  London  Water  Works . 

West  Middlesex  Water  Works        .        .     . 

Grand  Jonction  Water  Works     . 

Southwark  and  Vauxhall  Companies*  Houses 
Ditto  average  houses,  manufactories,  public 

establishments 

Chelsea  Water  Works 

Hampstead  Water  Works        .        .        .     . 
Kent  Water  Works 

Mean  values 

Gallons. 

Per  house. 

P«r  person. 

198 
187 
204 
)S19 
}8S6 
175 

209 
227 
111 
270 

88-3-5 
87-2.5 
40-4-5 
63-4-5 
67-1-5 
35 

41-4-5 
45-2-5 
22-1-5 
54 

2231 

446-1-5 

2231-10 

44-3-5 

These  quantities  have  been  calculated  from  the 
parliamentary  returns  made  in  1854 ;  and  if  there  be 
any  truth  in  the  calculations  and  returns  of  the  quan- 
tities actually  consumed  per  person — said  to  be  10 
gallons — we  get  the  proportion,  as  10  is  to  34  so  is  the 
quantity  consumed  to  the  quantity  wasted.  But,  even 
assuming  the  quantity  consumed  to  be  20  gallons  per 
head,  what  an  immense  loss  is  here  exhibited  from 
want  of  a  suitable  system  of  check  and  distribution. 

For  large  towns  it  is  safe  to  provide  for  many  pur- 
posesy  besides  present  personal  or  house  wants ;  and 
it  is  safer,  where  it  can  he  done  without  much  extra  cost, 
to  provide  for  a  supply  of  40  gallons  to  each  inhabitant, 
even  if  this  quantity  should  not  be  used  or  raised. 


Digitized  by  VjOOQ  IC 


346  THE  DISCHARGE  OF  WATER  FROM 

For  high  pressure,  the  supply  required  will  generally 
vary  from  15  to  40  gallons,  or  from  2*6  to  6*5  cubic  feet 
to  each  inhabitant,  or  for  an  average  of  about  28  gal- 
lons, including  the  supply  to  stables,  offices,  mannfac* 
tories,  and  breweries. 

The  storage  in  reservoirs  should  be  for  about  120  or 
160  days'  supply,  including  the  quantity  necessaiy  for 
mills  and  riparian  occupiers  lower  down.  This  latter 
is  taken  very  often  at  about  half  the  former ;  so  that 
two-thirds  of  the  storage  may  be  available  for  the  town, 
and  one-third  for  mills  and  riparian  lands.  The  actual 
relation,  however,  depends  on  local  circumstances. 

The  quality  of  water  for  drinking,  washing,  or  cook- 
ing, is  also  an  important  element  in  selecting  a  source 
of  supply.  Hardness  is  measured  by  the  number  of 
grains  of  chalk  or  carbonate  of  lime  to  a  gallon  of 
water,  each  called  a  degree.  The  average  hardness  of 
spring  water  is  about  26°,  that  is,  26  grains  of  car- 
bonate of  lime  to  one  gallon  of  water.  Rivers  and 
brooks  have  an  average  hardness  of  13°,  and  water 
derived  from  surface  drainage  5° ;  hence  the  great  ad- 
vantage of  the  latter  kinds  of  water  in  washing.  The 
average  hardness  of  the  London  pipe  waters  is  from 
10*^  to  16**.  The  following  extracts  from  a  report  and 
analyses  furnished  to  me,  in  1856,  by  Professor  Sulli- 
van, of  the  Museum  of  Irish  Industry,  Dublin,  will 
show  what  is  generally  required  on  this  head  : — 

**  On  the  annexed  page  you  will  find  the  numerical 
results  of  my  analyses  of  the  four  samples  of  water 
which  you  left  with  me  for  examination.  From  the 
table  you  will  perceive  that  the  water  of  the  Mattock 
Kiver  appears  to  JbQ  the  purest,  so  far  as  the  nature 
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and  the  amount  of  the  foreign  substances  held  dissolved 

in  it  is  concerned.     The  water  of  the  Boyne  comes 

next  in  quality  to  that  of  the  Mattock  Riyer^  the  pump 

water  being  in  every  sense  the  worst,  so  far  as  amount 

of  ingredients  can  be  taken  as  a  test  of  the  quality  of 

a  water  ;  in  this  respect,  indeed,  it  resembles  the  water 

of  the  deep  wells  of  London  and  elsewhere. 

*'As  the  ordinary  mode  in  which  the  quality  of  a 

water,  for  drinking  and  for  culinary  and  like  purposes, 

is  judged  of  is,  by  the  comparative  amount  of  organic 

matter,  the  total  amount  of  dissolved  matter,  and  its 

hardness,  according  to  the  '  soap  test,'  I  shall  give  in 

the  following  table  the  numbers  representing  each  of 

these  qualities : — 

TABLE  showing  the  number  of  grains  of  Organic  Matter,  and  the 
number  of  grains  of  Solid  Matter,  in  an  Imperial  Gallon  of 


Number  of 

Number  of 

■     Degree  of 

Grains  of 

Orainaof 

Hardnen 

WaUrfrom 

Organic  Matter, 

Solid  Matter, 

according  to 

per 

per 

the 

Imperial  6aL 

Imperial  OaL 

Soap  Test. 

No.  1.  TuUyescar    .     . 

8*975  grs. 

81176 

16  8-10th8. 

„   2.  River  Mattock  . 

2-  (about) 

16-860 

9  1-lOth. 

„   3.  River  Boyne     . 

3-260 

22-700 

14  9.10th8. 

„   4.  Bom's  Pump   . 

7100 

76-860 

84  4-10th8. 

**  In  order  to  render  this  table  more  instructive,  it 

may  be  well  to  subjoin  a  few  of  the  results  obtained 

from  the  analyses  of  the  waters  of  other  localities. 

TABLE  showing  the  number  of  grains  of  Solid  Matter  cofUained  in  one 
gallon  of  the  following  Water : 

Thames  at  Greenwich       ....  27*9  grains. 

„         London 280     „ 

„         Westminster  ....  24*4      „ 

„         Twickenham      .        .        .     .  22*4      „ 

„         Teddington    ....  17*4      „ 
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New  River  (London)  .... 
lj©a      I,  ,,  ... 

Trafalgar  Square  Fountain,  Deep  Well 
Well  in  St.  Giles's,  Holbom    . 
Artesian  Well  at  Grenelle  (Paris) 


19*2  grains. 

23-7      „ 

68-9      „ 

105-0      „ 

9-86    „ 


"The  following  are  some  of  the  results  obtained 
from  an  examination  of  the  waters  in  the  neighbour- 
hood of  Dublin,  or  which  have  been  proposed  as  a 
source  of  supply  :* — 


Locality  from  whence  Water 
was  obtained. 

Total 

Number  of 

Grains  per 

Imperial 

Galloa. 

Total     1      Degree 
Number  of  of  Hardneas 

Grains        according 
of  Organic  to  the  Soap 

Matter.          Test 

Royal  Canal  (12th  Lock)  .        .     . 

Grand  Canal  (7th  Lock) 

KiTer  Liffey,  at  Kippure   .        .     . 

„               Phoulaphouca 
Lough  Dan,  Co.  Wicklow         .     . 
River  Dodder,  at  City  Weir  . 
Lough  Owel 

210 

16-800 
3-522 
5125 
2-800 
8-850 

10-225 

2-80 

2-80 

1-90 

1-50 

1-225 

1-625 

1-560 

degs. 
14-0 
10  3-4ths. 

0  2-lOths. 

0  2.10th8. 

0  8.10th8. 

1  8-10th8. 
6  7-lOthfl. 

♦  Dr.  Apjohn  gave  the  following  analyses  : — 

TV>tal  matter     Organic       Hard- 
dissolved,       matter.        ness. 

Grand  Canal — mean  of  seven  analyses    .     20*78    .       -96         15-9 

Royal  Canal— mean  of  five  analyses        .     20*76    .     1-64    .     14*1 

Liffey — ^mean  of  eleven  analyses        .     .      8-62    .     1*77  6-1 

Analysis  of  the  deposition  on  pipes  from  the  Portobello  basin : — 

Water 2*20 

Organic  Matter 9*71 

Sand 10-20 

Peroxide  of  Iron  and  Alumina         .         .    .      3-50 

Carbonate  of  Lime 74-20 

Carbonate  of  Magnesia '19 

100- 
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Professor  Apjohn  gave  the  following  analyses  of 
waters  furnished  to  the  city  of  Dublin  in  1860.  It 
shows  how  necessary  it  is  to  distinguish  the  time  of 
taking  specimens  for  analysis,  and  the  previous  state 
of  the  weather  as  aflfecting  the  foreign  matters  in  the 
water.  The  specimens  were  collected  on  the  5th  and 
19th  of  May,  1860.  The  quantity  operated  upon  in 
each  instance  was  an  imperial  gallon,  or  277*278  cubic 
inches : — 


CITY  WATER  COURSE,   DODDER. 


6th  May. 
Carbonate  of  lime        .     . )  i.nrg 
Carbonate  of  ma^esia     .        ^^      ' 
Sulphate  of  lime  and  chlo- } 
ndes    of    sodium    and  >  2*269     . 

19tli  May. 
7-308^ 
•      0-700 

..      2-171 

magnesium  . 

Silex 0166     . 

Oreanic  matter        .        .     1-811     . 

..      0-626 
..      llOlJ 

8-302 


11-806 


Specific  gravity  of 
specimen  (5th  May) 

1-00011. 

Specific  gravity  of 

specimen  (19th  May) 

1-00014. 


POETOBELLO  BASIN. 


7-687 


Carbonate  of  lime 
Carbonate  of  magnesia 
Sulphate  of  lime  and  chlo- 1 

ndes    of    sodium    and  \  4*058 

magnesium  . 

Silex '  0*078 

Organic  matter        .        .     3*308 


15126 


11-660 
0-764 

3-751 

0*194 
2 -289  J 

18-668 


Specific  gravity  of 
specimen  (5th  May) 

1*00023. 

Specific  gravity  of 

specimen  (19th  May) 

1*00031. 


It  will  be  observed  that  the  quantities  of  saline  and 
other  ingredients  found  in  specimens  of  the  same  water 
collected  at  the  two  separate  periods  above  mentioned 
are  materially  different ;  those  obtained  at  the  later 
date  (May  19)  containing  the  larger  portion  of  foreign 
matters.  The  extent  of  this  variation  is  very  consider- 
able^  and  it  appears  to  Dr.  Apjohn  to  have  been  the 


Digitized  by  VjOOQ  IC 


850  THE  DISCHARGE  OP   WATER  FROM 

consequence  of  a  very  considerable  fiall  of  rain,  which 
took  place  in  the  interval  between  the  periods  at  which 
the  specimens  were  taken  up  for  analysis. 

When  the  means  of  the  preceding  analyses  are  taken, 
we  obtain  the  following  results : — 

Oily  Water  Coune.       Portobello  Buin. 
Mean  amount  of  saline  matter  .     8 '598  14*094 

„  ,,  organic  matter        .    1*456      ,        2*798 

The  quality  of  a  water  for  drinking  purposes  de- 
pends in  a  great  degree  upon  the  condition  in  which 
the  organic  matter  is  found,  much  more  than  upon  its 
quantity.  This  is,  however,  a  question  outside  of  the 
domain  of  chemistry,  and  can  only  be  solved  by  the 
aid  of  the  microscope. 

As  a  general  rule,  the  water  of  clear  flowing  rivers, 
even  though  it  may  contain  a  large  amount  of  solid 
matter,  and  even  of  organic  matter,  will  be  found 
wholesomer  than  well  water,  especially  in  towns. 

The  whole  of  the  lime  and  magnesia  existing  as 
carbonates  is  precipitated  by  boiling,  the  water  being 
thus  proportionably  rendered  less  hard ;  lime  and 
magnesia  existing  as  sulphates  or  chlorides,  on  the 
other  hand,  are  not  precipitated.  This  diflference  is 
of  great  consequence  in  culinary  operations,  as  where 
boiled  water  is  used,  the  carbonates  of  lime  and 
magnesia  are  not  injurious,  and  if  no  sulphates  or 
chlorides  be  present,  the  water  may  be  soft  after 
boiling.  The  same  observation  applies  to  water  used 
for  washing  clothes  when  boiled.  And  lastly,  sul- 
phate of  lime  forms  one  of  the  worst  elements  of  fiir  or 
deposit  upon  steam  boilers. 
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Tofttttor  RemlU  of  the  Special  Analyses  of  Four  Samples  of  Water 
from  the  neighbourhood  of  Drogheda, 


Nature  of  dissoWed 
matter. 

No.  1. 

TuUye- 

scar. 

1  Na2. 
Mattx>ok 
Rtrer. 

Na8. 
Boyne 
BiYer. 

Na4. 
Bum's 
pump 
water. 

Observations. 

Carbonate  of  lime   .    . 
Carbonate  of  magneaia 

Sulphate  of  lime      .    . 
Chloride  of  magneeium 
Chloride  of  ealaum 
Chloride  of  sodium 
Ifagnesia    existing  as 
orenate,   Ac,  in  the 
water     .... 
Lime       da       da 
SOioa       da       da 
Potash  and  soda  exist- 
ing in  water,  as  ni- 
trates, erenates.   and 
other  oiganio  salts.    . 
Oiganis  matter    . 

Total  number  of  grains 
per  Imperial  gallon  . 

9-850 
0-429 

9-043 
0-748 

0*464 
0-627 

1-544 
8-975 

7-802 
0-610 

2-514 
1.258 

0^1 
(2-785 

11*648 
0*888 

4-469 
1*686 

0-822 

\ 

0-448 
8-250 

21-476) 
0-586; 

4*668 
8*445 
9-624 

0*548 
2*212 

22-898 
7*100 

f  Indusive  of  a 
verysmftll  quan- 
tity   of     phos- 

■  phate  of  lime 
and  iron  not 
separated  from 

VtheUme. 

81*176 

15*860 

22-700 

76*850 

The  saving  in  soap  efifected  by  a  reduction  of  10  de- 
grees in  hardness,  is  found  to  be  over  50  per  cent. 

Some  of  the  metropolitan  waters  analysed  by  Dr. 
Robert  Dnndas  Thomson,  F.R.S.,  were  found,  in  May, 
1860,  much  more  impure  than  others,  the  samples  of 
which  had  been  taken  at  the  beginning  of  the  month, 
before  the  impurities  conveyed  by  the  rains  had  con- 
taminated them.  The  supply  aflforded  by  large  and 
small  rivers,  as  in  London,  in  this  table,  contrasts 
most  unfavourably  with  that  afforded  by  the  drainage 
of  mountain  ridges,  as  at  Glasgow  and  Manchester. 
The  specimens  of  water  from  the  two  latter  cities  were 
taken  by  the  instructions  of  Mr.  Bateman,  F.K.S.,  the 
engineer,  from  the  main  pipes  during  the  month.     It 
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should  be  the  object  of  the  London  Companies  to  avoid 
pumping  the  water  in  its  most  impure  state,  and  to 
store  it  when  in  the  condition  of  the  greatest  purity. 


Distilled  water 

Loch  Katrine  water,  new  snpply  to  Glasgow 
Manchester  water  supply  .        .     . 

Thames  Companies  : — Chelsea 

Southwark 

Grand  Jnnction 

West  Middlesex 

Lambeth  .  .  .  ^  .  . 
Other  Companies  :— New  River  . 

East  London 

Kent 


Total 

Organic 

Impurity 

Impurity 

pergallan. 

pergaUott. 

Gr».,  or  •. 

Or8.,or'. 

0-0 

00 

816 

0-96 

4-82 

0-64 

17-84 

1-48 

17-08 

1-64 

20-72 

2-00 

20-08 

2  08 

20-80 

2-40 

18-62 

1-56 

23-64 

8-20 

21-68 

2-»6 

The  table  is  read  thus : — Loch  Katrine  water  contains 
in  the  gallon  3'16  degrees,  or  grains,  of  foreign  matter 
in  solution,  of  which  'OG  degrees,  or  grains,  are  of 
vegetable  or  animal  origin. 

SOURCES  AND   GATHERING   GROUNDS. 

The  sources  from  which  a  water  supply  for  towns 
may  be  derived  are  lakes,  rivers,  and  streams,  springs, 
wells,  and  gathering  groimds.  Of  the  latter  it  may  be 
said  that,  however  ably  put  forward  imder  the  auspices 
of  the  Board  of  Health,  it  is  far  safer  to  resort  to  good 
river  waters  than  trust  to  what  has  been  termed,  with 
some  satirical  truth,  *'  new-fangled  schemes  of  pot-piped 
gathering  grounds."  Springs  and  wells  afford,  at  best, 
but  a  partial  supply  unless  for  villages  or  manufactories ; 
and  we  must  almost  always  trust  to  lakes,  rivers,  or 
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TABLE  showing  the  QmniUics  of  Oathering  Qrwund  and  Reservoir 
Room  to  supply  a  given  population  wUh  15,  30,  wnd  40  gallons  of 
water  per  head  per  diem.  The  reservoir  room  is  calculcUed  to  hold 
12  inches  in  depth  of  rain-fall  per  mile  as  a  guide  f<yr  lesser  depths^ 
For  4  inches  the  results  are  to  be  divided  byZ;  and  for  6  inches  by  2. 


2,500 

6,000 

7,500 

10,000 

12,600 

16,000 

17,600 

20,000 

26,000 

80,000 

35,000 

40,000 

45,000 

60,000 

66,000 

60,000 

65,000 

70,000 

76,000 

80,000 

86,000 

90,000 

96,000 

100,000 

105,000 

110,000 

116,000 

120,000 


1^ 

il 


1,260 

2,600 

8,760 

6,000 

6,260 

7,600 

8,760 

10,000 

12,500 

16,000 

17,500 

20,000 

22,600 

26,000 

27,500 

80,000 

82,600 

86,000 

87,600 

40,000 

42,600 

46,000 

47,600 

60,000 

62,600 

66,000 

67,600 

60,000 


P^? 


987 

1,876 

2,812 

3,760 

4,687 

6,626 

6,662 

7,500 

9,376 

11,250 

13,126 

15,000 

16,876 

18,760 

20,626 

22,600 

24,376 

26,260 

28,126 

80,000 

81,875 

88,760 

85,626 

37,600 

89,876 

41,260 

43,126 

46,000 


4-179 
8-868 
12-536 
16-715 
20-894 
25  072 
29-251 
83-430 
41-788 
50  146 
68-5 
66*9 
76-217 
83-67 
91-982 
100-29 
108-65 
117- 
126-86 
133-72 
142-1 
160-436 
168-8 
W7-16 
176-6 
188-86 
192-22 
200-68 


-0376 

-075 

•1126 

•15 

-1875 

-226 

•2626 

•300 

•376 

•46 

•525 

•6 

•675 

•75 

•826 

•9 

-975 

-05 

-126 

-2 

•276 

-35 

-426 

•6 

•67 

-66 

-72 

-8 


1 

a 

i 


-0789 
•1577 


-3154 
•3942 
-4731 
-5519 
•6308 
•7885 
•9462 
1-1089 
1-2616 
1-4193 
1*577 
1-784 
1-8924 
2-0601 
2-2078 
2-3655 
2-6232 
2-6809 
2-8386 
2-970 
8164 
8-811 
3^469 
8^62 
8786 


2-196 
4-393 
6-589 
8-786 
10-982 
13-179 
15-876 
17-572 
21-965 
26-358 
30-75 
85-144 
89-587 
43-93 
48-32 
52-716 
67-109 
61-502 
65-895 
70-288 
74-681 
79-074 
83-467 
87-86 
92-26 
96-64 
101-10 
106-48 
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streams,  with  reservoirs,  for  stowage,  for  a  sufficient 
supply  for  large  towns.  The  Croton  aqueduct,  con- 
veying water  with  an  average  of  three  degrees  of 
hardness,  to  New  York,  is  perhaps  the  noblest  work 
for  water  supply  of  modem  times.  The  length  of  the 
aqueduct  is  about  44  miles,  with  a  channel  inclination 
of  about  15  inches  per  mile.  The  receiving  reservoir 
is  about  two  miles  higher  up  the  channel  than  the  dis- 
tributing reservoir,  which  latter  is  116  feet  over  the 
level  of  the  sea,  and  commands  the  highest  buildings 
of  the  city.  In  the  driest  weather  the  supply  is  equal 
to  28,000,000  gallons.*  The  cost  of  the  work,  includ- 
ing the  purchase  of  land  and  water  rights,  was  8,575,000 
dollars,  or  £8  per  lineal  foot  nearly.  The  cost  of  dis- 
tributing pipes  was  1,800,000  dollars.  We  have  had 
also  the  Loch  Katrine  and  Glasgow  aqueduct,  a  noble 
work,  constructed  after  this  model  by  Mr.  Bateman, 
notwithstanding  the  previous  supply  of  that  city,  or  a 
portion  of  it,  the  Gorbals,  from  gathering  grounds  at  a 
high  level.  The  Vartry  supply  for  Dublin,  carried  out 
under  the  same  engineer  and  Mr.  P.  Neville,  the  city 
surveyor,  is  derived  by  embanking  and  storing  the 
waters  of  the  Kiver  Vartry.  It  is,  however,  sometimes 
necessary  to  make  use  of  such  grounds,  particularly 
when  flanking  or  lying  above  glens  where  an  embank- 
ment may  be  easily  thrown  across,  and  the  supply 
stored  for  use,  which  would  otherwise  pass  quickly  off. 
The  table,  page  353,  gives  the  areas  of  reservoirs  and 
gathering  grounds  according  to  a  collection  of  one  foot 
in  depth  from  the  catchment ;  it  can  be  easily  modified 

♦  Schramke's  Croton  Aqueduct,  New  York. 
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when  the  storage  or  required  supply  exceeds  or  falls 
short  of  this  depth.  One  acre  of  gathering  ground  with 
a  collection  of  twelve  inches  of  rain-faJX  from  it  anntuHXy 
wiU  give  a  daily  supply  of  five  cubic  feet  per  head  to 
twenty 'four  inhabitants ;  or  of  four  cubic  feet,  or  twenty- 
five  gallons,  to  thirty  inhabitants. 

The  next  table  will  be  of  use  in  showing  the  actual 
quantities  which  have  been  collected,  or  could  have 
been  collected,  for  storage.  Homersham,  Hughes, 
and  Beardmore's  books  have  been  consulted  in  arrang- 
ing it. 

The  various  methods  employed  for  purification  may 
be  classed  under  three  heads :  mechanical,  by  filtering 
or  straining;  chemical,  or  antiseptic  media,  such  as 
peat  and  animal  charcoal,  and  precipitation  by  the  use 
of  lune  water ;  and  the  natural  precipitation  of  impuri- 
ties when  the  water  is  at  restj  as  well  as  the  purifica- 
tion which  takes  place  from  oxidation  and  neutralization 
on  thorough  exposure  by  the  ozone  of  the  atmosphere. 
This  latter  plan  has,  however,  been  tried,  and  signally 
failed.  Filter  beds  may  be  constructed  to  have  a  sur- 
face area  of  one  square  yard  for  every  800  gallons 
filtered  in  twenty-four  hours.  For  executed  works  the 
proportions  vary  from  1  in  460  to  1  in  1140. 

COST. 

With  reference  to  cost,  the  following  tables,  arranged 
by  us  from  various  sources,  will  afford  information  from 
works  executed. 

The  estimated  cost  of  the  water  supply  for  Dublin 
from  the  Vartry  was  £300,000  for  12,000,000  gallons 

A  A  2 
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TABLE  shotdng  information  tcith  referefice  to  size  of  Reservoirs^  Catch' 
ment  Areas,  Ac,  colleeted  and  arranged  from  various  authorities. 
The  first,  fifth,  and  sixth  columns  contain  information  %/nih  reference 
to  reservoirs  and  the  collecting  areas  ;  the  second,  third,  and  fourth, 
show  for  different  districts  the  whole  raiaifaZl,  and  the  portions  or  per 
ctntage  flowing  off  and  aoaildble. 


Karnes  of  Drainage 

Areas  and 
names  of  Beserroin. 


ill 


P4 


Aithton      .       ... 

Albany  Works,  U.a     . 

BaUinrobe,  Ireland 

Belmont  (moorland), 
mean  of  four  years    . 

Bolton  .... 

Bute  (low  country) .    . 

Batenian's  evidenoe  on 
the  drainage  area  of 
Longdendale : — 

Firsthalf  of  1845,  very 
dry      .... 

Second  half  of  1845  .    . 

Firathalf  ofl846  . 

Oct.,  Nov.,  and  Dec., 
184« 

Bann  Reservoir  (moor- 
land)  .... 

Drainage  areas  on  south 
side  of  Longridge 
Fell,  near  Preston, 
May,  18^2,  to  April, 
1858        .... 

Dilworth  Reservoir  of 
Preston  Works,  Lan- 
cashire 

OlenooTse.       .       .    . 

Greenock 

Homersham's  estimate 
of  24,000  cubic  feet  of 
Reservoir  to  each  acre 
ofdrainage  .    . 

Longdendiue. 

Proposed  Reservoir  for 
WolverhomptonWorks 

Rivington  Pike    . 

Sheffield    .... 

Turton  and  Entwistle  . 


•69 

29 

110 

2-81 
•80 


•092 
6-00 

r-88 


•1 

28*8 


1625 
1-42 
818 


40-0 
49-S 
646 
46*4 


21-2 

38-6 
22-6 

10-2 

72- 

64- 


87  0 
00-0 


66-5 
4*6-2 


15-5 
28*6 
39*6 
23*9 


IS -6 
27"25 
17*5 

8-67 

48-0 

15*6 
18*0 
22*0 


22-3 
41-0 


24-26 
41*0 


58 
72 
58 


64 
71 

78 

86 


29 
88 
43 


60 
68 


44 

89 


21-0 
11 


26*8 
25-6 


12 
32 


75 
20 


54D 
7-66 
88* 


16-36 
12-3 


6 
46 

300 


15*86 
S92 


•7  16 

29*6  481 

36*5  62 

81*43  100 
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daily.  It  is  said  to  have  cost  £1  17«.  6d.  a  head, 
Glasgow  £^9  Manchester  £2  188.,  and  Birmingham 
£%.  The  annual  cost  of  filtering  1,000,000  gallons 
daily,  capitalized,  is  put  down  at  j£l,260  by  Sir  John 
Hawkshaw  in  his  report  on  the  Dublin  supply.  This 
would  be  £62  10«.  yearly.  It  varies  from  £40  to  £120 
under  different  circumstances.  The  works  of  construc- 
tion and  the  first  cost  of  the  filters  may  be  taken  at 
about  £2,000  for  each  1,000,000  gallons  to  be  filtered 
daily. 

The  supply  to  the  suburbs  of  Dublin  is  given  at  a 
charge  of  about  8  J  pence  for  each  1,000  gallons.* 

The  actual  cost  of  all  works  for  house  service  varies 
very  much  in  different  towns,  and  with  the  quantities 
supplied,  from  a  general  average  of  Id.  per  house  per 
week,  to  2d.,  and  from  an  annual  rate  of  9d.  in  the 
poimd  to  Is.  6d.,  and  higher.  The  cost  of  raising  and 
supplying  1,000  gallons  from  a  height  of  135  feet  in 
Nottingham  is  said  to  be  8d.,  and  the  charge  for  house 
service  to  vary  from  5s.  to  608.  annually.  In  Rugby, 
the  average  cost  per  house  is  19«.  per  year,  4|^.  per 
week,  or  an  annual  charge  of  3«.  3d.  per  year,  or  fd. 
per  week  per  head  of  the  population,  and  for  a  bare 
supply  of  18  gallons.  In  Croydon,  for  a  supply  of  only 
14  gallons  per  head,  the  cost  of  works  varied  from  1^. 
to  2J^d.  per  house  per  week.  The  parliamentary  re- 
turns, showing  the  number  of  houses  supplied,  and 
cost  of  supply,  by  different  water  companies  of  London, 
in  1884,  give  the  following  results  : — 

*  In  December,  1874,  the  quantity  sent  into  the  city  and  accounted 
for  is  stated  to  have  been  7,226,000  gallons,  and  the  waste  9,631,000 
gallons  daily  I    District  waste  water  meters  are  here  essential. 
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Number 

Daily  average 

Heiffhtof 

Supply  over 

Tbamea. 

Amount  of 

COMPANIES. 

of 
HouBes. 

"gSSJL'" 

chaiige  per 
Company. 

» 

£    S.    d. 

New  River    .     . 

78,212 

241 

145 

16     6 

Chelsea      . 

13,891 

168 

135 

1  18     3 

West  Middlesex 

16,000 

185 

155 

2  16  10 

Grand  Junction . 

11,140 

350 

152 

2    8    6 

East  London.     . 

46,421 

120 

107 

12    9 

South  London    . 

12,046 

100 

80 

0  15    0 

Lambeth    . 

16,682 

124 

185 

0  17    0 

Sonthwark    .    . 

7,100 

156 

60 

1     1     8 

Cost  of  house  apparatus  for  private  supply  bom 
street  mains,  as  averaged  by  the  Board  of  Health,  for 
first-rate  houses,  is  £d  18«.  2d. ;  second-rate  houses, 
jE2  18«.  6d. ;  third-rate,  £2  8«.  8d. ;  fourth-rate  and 
cottages,  17«.  6d. ;  average  cost  for  houses  and  cot- 
tages, £2  8«.  Id. 

The  actual  cost  of  private  works — to  take  water  from 
mains  for  the  supply  of  cottages — is  shown  in  the  fol- 
lowing table : — 


Work 
executed  in 

Name  of  Place. 

MeanExpenee 
of  Private 
Works  for 

each  Cottage. 

Annual  Vahie 
of  each 
Cottage. 

Jan.  1852 

Mar.  1852 

„     1852 

Aug.  1852 

I^Qgbv,  mean  of  6  Cottages 
Croydon  .     .     10       „ 
Barnard  Castle  11       „ 
Tottenham   .      6      „ 

£    8.     d. 

1  12  11 

2  0     0 

1  18     U 

2  11  lOj 

£    8,     d, 
5  10    0 
4    0    0 
3    2    6 
10    0    0 

Mean  value 

8  for  each  Cottage     .    .    . 

2    0    9 

5  13    li 

The  water  rate  charged  by  the  Local  Board  at  Tot- 
tenham  is  given  as  follows : — 
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In  the  Special  District  Bate 

Assessment. 

Water  Rate 
per  week. 

Water  Rate 
per  annum. 

Above 

And  not 
exceeding 

On  Premises 

£    8,    d. 

£     8.    d. 

£    8,    d. 

£     8.    d. 

assessed. 

10     0     0 

0     2    6 

10    0     0 

15     0     0 

0     3     9       \ 

15     0     0 

20    0     0 

0    6     0 

20     0     0 

25     0     0 

0    6    8 

26     0     0 

30     0     0 

0    8    0 

80     0     0 

40     0     0 

0  11     0 

40     0     0 

60    0    0 

0  14    0 

and  8«.  for  every  additional  rate  of  £10. 

PUBLIC  WORKS   OP  WATER  SUPPLY,   PRESTON. 


Yards. 

44  of  2.m. 


Cost  of  Pipes, 
iron  pipes,    including  valves. 


£   f.    d. 


Id. 


and  all  ap- 


fire-plugs,  outlet  pi 

purtenances,  at  1^. 

1,496  of  3-in.  ditto,  at  Zs.  4d. 

321  of  4-in.  ditto,  at  is.  9d. 

625  of  5-in.  ditto,  at  6s,      . 

80  of  9-in.  ditto,  at  9s.  6d. 

2,516  £580  16    1 

IVcUer  Supply  and  its  Cost  for  soine  Cities  and  Towns,  from  a  Paper 
read  to  the  British  Association  at  Leeds,  in  1858,  hy  Dr.  Strang,  oj 
Glasgow.     Vide  Builder,  for  1858,  p.  658. 


8  9 
249    6 

76  4 
187  10 

14    5 


TOWNS. 


London   .    , 
Paris    . 
Hamburgh 
New  York 


Liverpool 
Leeds  .  . 
Edinbuigh 
Aberdeen 
Dundee  . 
Greenock 
Paisley  . 
Glasgow 


Gallons 
81  '^'*'  "42 


00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
&2 
00 


Gallons 
80-3 
24- 
31-25 
89-27 
22- 
22- 
12- 
22-8 
18-4 
18-2 
52-8 
21- 
89*8 


£ 

7,102,823 

800,000 

170,000 

1,800,000 

1,800,000 

1,640,000 

288,871 

466,000 

50,000 

139.000 

90,000 

60,000 

651,199 


Gallons 
11-4 
33* 
29-50 
15-5 

8-5 

7- 

7- 

10-6 
24- 
12-5 
23-4 
17- 


Gallons 
20,000,000 

14,000,000 

2,000,000 

20,000,000 
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The  cost  of  pumping  varies  with  circmnstances ;  we 
believe  that  pumping  engines  cannot  be  put  down  at 
less  than  from  £60  to  £100  per  horse  power,  dependent 
on  the  size  of  the  engine,  although  the  Board  of  Health 
adopted  a  standard  of  £50  per  horse  power.  For  the 
town  of  Drogheda  we  estimated  for  two  engines  at  £76 
per  horse  power.  The  following  information  respecting 
the  cost  of  the  Waterworks,  Cork,  was  kindly  furnished 
to  the  author  by  Sir  John  Benson,  the  engineer,  who 
designed  and  carried  out  the  works. 

CORK  WATER  WORKS. 


Steam  engine  100- 
horse  power. 


Two  so-horse  power 
tnrhines. 


Reseryoirs — 
One   of  3,500,000 

gallons. 
One  of  563,000  gal- 
lons. 
Cost  per  head. 

Yaluation  standard 
per  pound  on  the 
valnation. 

Yearly  cost  per  five 
inhabitants. 

Water  supplied. 


Direct  acting  Cornish  Engine  with 
three  cylindrical  flue  toilers,  in- 
cluding engine  and  boiler  house, 
setting  boilers,  chimneys,  ftc.,  &c., 
per  horse  power      .        . 

Two  turbines  completed  with  four 
11  in.  ram  pumps  on  each,  includ- 
ing buildings,  cisterns,  sluices, 
gates,  screens,  per  horse  power    . 

One  reservoir  on  a  level  of  186  ft  J 
over  weir  f 

One  reservoir  on  a  level  of  860  ft.  i 
over  weir    .        .        .        .        ) 

The  inhabitants  in  1851,  86,000    . 

The  inhabitants  in  1861,  100,000  . 

City  valuation,  £112,000  .        .     . 


Distribution  per  house  of  every  five 
persons 

Quantity  supplied,  including  manu- 
factories, to  one  person  per  day  . 


£    8.    d. 


55    0    0 


44    0    0 


4,900    0    0 


0  15 
0  13 
0  11 


0    6    0 
80  gallons. 


The  total  estimated  cost  of  engines,  including  pumps, 
engine  houses,  wells,  &c.,  for  raising  the  London  sew- 
age, is  £1Q  per  horse  power,  and  the  annual  cost  £20 
per  horse  power.* 

•  Main  Drainage  Report,  1857,  p.  29. 
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\Mien  coals  are  10«.  per  ton,  the  cost  of  an  engine 
exceeding  100-horse  power,  single  acting  Cornish, 
working  night  and  day,  will  be  £1Q  per  horse  power ; 
when  coals  are  15#.  per  ton,  the  cost  would  be  £18  per 
horse  power ;  when  coals  are  20#.  per  ton,  the  cost 
would  be  £16  per  horse  power ;  when  coals  are  25«. 
per  ton,  the  cost  would  be  £19  per  horse  power.  These 
estimates  have  been  given  by  Mr.  Hughes,  and  include 
every  expense  of  coals,  wages,  oil,  tallow,  materials  for 
packing,  cleaning,  &c.,  but  none  for  interest  of  capital 
or  depreciation  of  machinery.* 

At  Ely  the  cost  of  pumping  is  stated  by  a  writer  in 
the  Builder  to  be  as  follows : — 

To  pump  one  million  gallons  140  (bet  high,  the  old  engine  con- 
sumes : —  £   s.  d. 
Four  tons  of  coal,  at  168,  per  ton  .        .        .        .840 

Oil,  tallow,  and  packing 0  12    0 

Wages 0    9    0 

Total  cost  of  pumping  one  million  gallons         ..450 
which  gives  Id,  per  1,000  gallons  pumped  140 
feet  high  (not  a  very  high  price). 
The  new  engine  requires : — 
Five  and  a  half  tons  of  coal  at  IQs.        .        .        .480 

Oil  tallow,  and  packing 1  10    0 

12    0 


Total  cost  of  x^umping  one  million  gallons  140  feet 

high 700 

which  is  65  per  cent,  more  money  than  the  old 
engine  requires. 

While  another  writer  in  the  same  periodical  states,  that 
the  cost  of  pumping  1,000,000  gallons  with  the  old 
engine  was  £4  188.  8Jd.,  and  with  the  new  engine, 

*  Main  Drainage  Report,  1857,  p.  447. 
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ESTIMATED  COST  OF  ENGINES  FOR  PUMPING  AND  OTHER  INFORMATION. 
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£4  10s.  Id,  In  the  preceding  table,  arranged  from  in- 
formation in  Mr.  Hughes'  book/  the  estimated  cost 
of  pumping  engines  for  various  works,  English  and 
American,  is  given. 

In  Example  28,  pages  25  to  27,  we  have  pointed 
out  the  method  of  calculating  the  increase  of  horse 
power  required  in  raising  water  through  pipes  from 
friction,  and  also  the  great  increase  of  this  extra  head 
if  the  velocity  increases  ;  the  increase  being  nearly  as 
the  sqiuure  of  the  velocity.  In  addition  to  this,  an 
allowance  of  horse  power  must  be  made  for  bends, 
curves,  junctions,  and  other  obstructions,  for  the 
effects  of  which  see  Section  XI.  The  more  slowly 
the  water  is  pumped,  the  less  will  the  loss  be  from 
these  causes  through  the  same  pipe.  It  is  therefore, 
so  far,  advisable  to  give  as  large  a  diameter  to  the 
pipes  supplying  a  reservoir  from  a  pumping  engine  as 
other  aspects  of  the  question,  cost,  and  engine  power, 
will  admit. 

A  report  by  the  Water  Committee  of  Plymouth, 
printed  in  a  local  newspaper  of  18th  October,  1864, 
contains  much  useful  information  respecting  the  water 
supply  of  the  following  places  at  that  time : — 

Bristol  (population  140,000). — This  city  is  supplied 
by  a  company  drawing  its  water  from  the  Mendip-hills; 
the  pipes  being  too  small  and  quantity  deficient,  it  is 
not  continuous,  nor  is  the  quality  good.  The  scale  of 
rates  ranges  from  5  per  cent,  on  low  rentals  to  8  per 
cent,  on  rentals  of  £100,  and  2|  per  cent,  on  rentals 
of  i6200  and  upwards.     For  trade  purposes  the  water 

♦  "Wkale,  London. 
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rate  is  6d.  per  1,000  gallons  the  minimum,  to  Is.  &d. 
per  1,000  gallons  the  maximum.  Water  closets, 
stables,  baths,  &c.,  charged  extra  to  domestic  supply 
and  reduced  rates — no  overflow  or  waste  pipe  per- 
mitted to  communicate  with  any  cistern  or  bath  unless 
supplied  by  meter.  No  cistern  for  closet  containing 
more  than  two  gallons  allowed  without  extra  payment. 
The  company  undertakes  plumbers'  work  on  moderate 
terms. 

Gloucester  (population  80,000). — The  Local  Board 
of  Health  hold  the  water  works  in  trust  for  this  city. 
For  domestic  purposes  the  rates  are  moderate,  houses 
under  £10  paying  8«.  8d.  per  annum ;  from  £10  to 
£60,  5  per  cent. ;  £60  to  £70,  8 J  per  cent. ;  £70  to 
£80,  %\  per  cent;  above  £80,  8J  per  cent.  Meter 
rates  were  only  determined  on  in  December,  1862 ; 
range  from  6d.  per  1,000  gallons  on  the  million  and 
upwards,  to  Is.  per  thousand  gallons  under  100,000 
gallons.  Service  box  cisterns  are  not  enforced, 
although  generally  adopted  by  the  better  class  of 
consumers. 

Derby  (popidation  45,000). — ^A  private  company 
supplies  this  city.  The  supply  is  constant  at  high 
pressure,  and  is  of  good  quality.  All  house  apparatus 
and  fittings  are  in  accordance  with  the  regulations  of 
the  company,  and  subject  to  the  inspection  of  their 
officers.  Service  box  cisterns  to  closets  are  strictly 
enforced.  No  overflow  or  waste  pipes  are  permitted 
to  cisterns  without  meters,  and  rain  water  carefully 
excluded  therefrom.  The  scale  of  rates  for  domestic 
use  and  by  meter  is  moderate.  The  Local  Board  of 
Health  contracts  for  the  supply  of  baths  and  wash- 
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houses,  at  the  rate  of  8d.  per  1,000  gallons.  Water 
for  streets,  when  not  drawn  from  the  river,  is  charged 
at  the  lowest  meter  rate.  The  consumption  is  rather 
above  19  gallons  per  head  per  day,  including  numerous 
wells  and  large  manufactories. 

Nottingham  (district  population,  76,000).  —  We 
cannot  say  too  much  in  commendation  of  the  superior 
arrangement  and  management  of  the  water  works  of 
this  town,  for  whilst  the  greatest  economy  is  used,  an 
abundant  amount  of  contentment  is  manifested  by  the 
consumers :  the  consumption  averaging  17  galls,  per 
head  per  day.  A  constant  high  pressure  supply  has 
been  maintained  by  the  company  for  the  last  20  years. 
Overflow  or  waste  pipes  to  cisterns  are  prohibited,  but 
warning  pipes  in  exceptional  cases  fitted  with  the 
approval  of  inspectors.  All  water  closet  cisterns  are 
fitted  with  service  boxes,  and  in  no  case  is  rain  water 
allowed  to  flow  into  any  such  cisterns.  No  supply  is 
allowed  to  be  laid  on  or  apparatus  fixed  by  any  other 
than  an  authorised  plumber  or  the  workmen  of  the 
company.  The  rates  vary  according  to  the  level  sup- 
plied :  consumers  by  meter  pay — 


Not  exceeding     50,000  galls. 

„         „  400,000  galls. 

Exceeding       1,600,000  galls. 

Tanks  with  meters  affixed  are  placed  in  suitable  parts 
of  the  town  for  supplying  carts  for  street  watering,  a 
cart  being  filled  in  three  minutes,  the  Local  Board 
paying  the  lowest  meter  rate.      The  company  have 


Price 

per  1,000 

gallons. 

Lower. 

Middle. 

Higher. 

d. 

d. 

d. 

6 

9 

12 

^ 

6| 

9 

8 

4i 

6 
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adopted  call-books  for  complaints,  repairs,  &c., 
plumber's  book  for  instmction,  and  issue  cards  for 
securing  attention  to  the  work  required  to  be  done. 

Norwich  (population  75,000). — The  water  works  of 
this  city  furnish  another  example  of  good  management. 
The  average  consiunption  for  private  and  public  pur- 
poses is  \4t^  gallons  only.  A  beneficial  change  is  due 
entirely  to  the  zealous  care  in  distribution,  seconded 
in  a  praiseworthy  manner  by  a  discriminating  public. 
The  company  does  a  large  portion  of  the  plumbing  and 
water  fittings,  the  best  feeling  exists  between  the 
various  tradesmen  and  the  officers  of  the  company. 
The  service  box  cisterns  here  provided  for  closets  are 
very  simple,  effective,  and  not  liable  to  get  out  of 
order ;  iron  rods  take  the  place  of  wire.  The  cost  is 
also  so  small  as  to  be  within  reach  of  the  poorer 
classes.  Patterns  of  those  and  cast-iron  street  or 
courtyard  stand  pipes  will  be  submitted  to  the  inspec- 
tion of  the  Plymouth  Water  Committee.  The  same 
regulations  are  in  force  here  as  at  Nottingham  as  to 
domestic  supply,  &c.  The  rates  are  moderate,  com- 
mencing at  4tB.  4td.  per  annum  for  tenements  under  £5 
per  annum ;  above  £5  and  under  £100,  5  per  cent. ; 
above  ^£100,  4  j^  per  cent.  This  is  exclusive  of  water 
closets,  which,  with  stables,  gardens,  &c.,  are  charged 
extra.  Meter  rate — ^Not  exceeding  200,000  gallons 
per  annum,  Is.  per  1,000  gaUons ;  not  exceeding 
1,000,000  gallons  per  annum,  lOd.  per  1,000  gallons  ; 
exceeding  1,000,000  gallons  per  annum,  8d.  per  1,000 
gallons ;  Local  Board  for  street  watering,  if  amounting 
to  7,000,000  gallons  per  annum.  Id.  per  1,000  gallons. 
It  might  be  noticed  that  the  Town  Coimcil  of  this  city 
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guaranteed  the  Water  Company  5  per  cent,  on  their 
outlay,  after  which  the  Council  was  to  receive  a  moiety 
of  the  profits.  The  civic  authorities  of  Edinburgh  have 
adopted  the  arrangements  carried  out  in  this  city,  and 
we  heartily  recommend  their  application  where,  neces- 
sary, for  Plymouth. 

Leicester  (population  69,000).  —  The  supply  of 
water  to  this  town  is  in  the  hands  of  a  private  com- 
pany, who  have  expended  the  sum  of  £90,000.  The 
Local  Board  of  Health  holds  680  shares,  and  is 
entitled  to  half  the  profits  after  a  dividend  of  5  per 
cent,  shall  have  been  paid  to  the  shareholders.  The 
water  is  at  high  pressure  and  continuous.  Storing 
cisterns  for  house  purposes  are  not  much  used,  but  if 
adopted  must  be  without  waste  pipes,  or  inlet  of  rain 
water.  Water  closets  in  all  cases  are  fitted  with 
flushing  service  boxes,  or  must  be  self-acting  apparatus. 
The  scale  of  rates  ranges  from  6  per  cent,  on  low 
rentals  to  8iJ-  per  cent,  up  to  £100,  and  8  per  cent 
above  £200.  Water  rates  range  from  6d.  per  1,000 
gallons  the  minimum  to  lOd.  per  1,000  the  maximum. 
The  Local  Board  of  Health  is  charged  2^.  per  1,000 
for  street  watering,  having  meters  attached  to  the 
mains.  The  company's  regulations  to  prevent  waste 
of  water  are  strictly  enforced. 

Great  Yarmouth  (population  30,000). — This  town 
has  the  benefit  of  a  well-governed  water  company. 
There  is  a  constant  supply  at  high  pressure.  The 
scale  of  rates  is  6  per  cent,  on  the  rental  up  to  £100 
per  annum,  with  6  per  cent,  on  the  excess  in  addition 
— ^this  including  one  water  closet  only — 6«.  per  annum 
is  charged  for  all  others  in  addition,  and  10«.  for  baths. 
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The  meter  rate  is  also  high,  ranging  from  2«.  per 
1,000  gallons  to  Is.  8(2.  The  Local  Board  has  an 
especial  rate  for  watering  the  streets.  Water-closets 
are  in  all  cases  fitted  with  double-valve  service  boxes ; 
but  few  cisterns  for  domestic  supply  are  in  use  (not 
being  needed),  but  in  these  overflow  and  waste  pipes 
are  prohibited.  The  manager  of  the  company  will, 
however,  permit  detective  or  warning  pipes  where  neces- 
sary. The  company  is  willing  to  execute  aU  plumbers' 
work  if  required,  but  all  such  work  must  be  done  under 
inspection.  We  have  during  our  tour  of  inspection 
kept  in  view  the  object  for  which  it  was  proposed, 
namely,  that  of  ascertaining  the  means  by  which  a 
constant  supply  of  water  may  be  secured  to  the 
inhabitants  of  this  borough,  and  to  suggest  the  prac- 
tical application  of  such  means.  The  attainment  of 
so  desirable  an  object  can  be  secured  very  speedily  by 
the  submission  of  water  consumers  to  the  absolute 
control  of  appointed  officers  over  all  fittings,  and  the 
adjustment  of  apparatus  of  every  kind.  Having  wit- 
nessed the  beneficial  effect  of  such  wholesome  regula- 
tions as  have  been  referred  to  in  the  preceding  remarks, 
we  cannot  but  anticipate  similar  advantages  by  their 
adoption. 

In  Plymouth. — We  desire  therefore  to  recommend 
the  general  application  of  the  rules  and  regulations  as 
adopted  in  Nottingham  and  Norwich,  which  embody 
among  them  the  following  provisions — 1st,  that  all 
applications  for  the  supply  of  water,  notice  of  insuffi- 
cient supply,  and  other  complaints,  be  recorded  in  a 
call  book;  that  visiting  cards  be  issued  authorising 
the  attendance  of  the  workmen  necessary,  and  a  com- 

B  B 
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plete  registry  being  kept  of  all  such  work  performed  ; 
2nd,  that  wherever  practicable,  cheap  water  closets 
be  recommended  in  lieu  of  open  privies ;  3rd,  that 
all  water  closets  be  fitted  with  full  and  complete  appa- 
ratus for  flushing  by  means  of  service  cisterns,  or  such 
other  description  of  closets  as  shall  be  approved, 
and  that  valves  be  worked  by  rods  instead  of  wires  or 
chains;  4th,  that  cisterns  be  without  overflow  or 
waste  pipes,  but,  with  the  approval  of  officers,  detective 
or  warning  pipes  be  substituted;  5th,  that  high 
pressure  taps  be  introduced  with  new  fittings,  and  all 
drawing  and  ball  taps  to  be  of  the  approved  kinds : 
in  open  court  yards  and  exposed  places,  taps  to  be 
protected  with  iron  casing,  and  be  made  to  open  with 
keys  supplied  to  the  ratepayers  only;  6th,  that  wire 
gauze  screens,  in  the  absence  of  filtration,  be  placed 
where  desired  by  your  surveyor.  We  also  further 
recommend  that  as  soon  as  practicable  the  condition 
of  all  the  fittings  and  premises  at  present  supplied  with 
water  be  duly  registered,  with  a  view  to  an  early  repair 
and  correction  where  necessary.  It  is  not  necessary, 
in  adopting  the  preceding  recommendations,  that  the 
supply  of  water  shall  in  any  degree  be  stinted,  but 
the  exercise  of  a  moderate  amount  of  economy  would 
-enable  a  constant  supply  to  he  given,  and  would  doubt- 
less tend  to  the  development  of  many  branches  of 
manufacture  in  the  town  in  which  water  forms  an 
essential.  The  domiciliary  visits  for  the  inspection  of 
premises  would  be  in  no  way  offensive,  but  would  be  of 
tiie  same  nature  as  those  now  made  for  inspection 
of  gas  apparatus,  and  we  have  the  evidence  of  numerous 
householders  in  towns  we  have  visited  that  the  greatest 
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respect  and  civility  are  manifested.  It  is  not  our  aim 
or  desire  to  abolish  cisterns  now  in  use,  hut  the 
CONSTANT  SUPPLY  SYSTEM  Will  Tender  BO  large  an  expeu' 
diture  unnecessary  in  future,  cisterns  for  flushing  closets 
being  then  only  necessary. 


THICKNESS   OF  PIPES  FOB  WATER  WORKS. 

It  is  evident  that  the  thickness  of  a  pipe  should  be 
at  least  sufficient  to  bear  the  pressure  of  the  atmos- 
phere, and  therefore  the  whole  pressure  in  a  pipe  is 
best  expressed  by  a  determinate  number  of  pressures, 
each  equal  to  that  of  a  colunm  of  water  88  feet  high. 
If  n  be  the  number  of  such  pressures,  or  the  number 
of  units  each  equal  to  88  feet  high,  d  the  diameter  of  the 
pipe  in  inches,  and  t  the  thickness,  also  in  inches,  we 
shall  have  for 

^  1.     Iron  pipes,  plate  . 
2.     Iron  pipes  cast  horizontaUy 
8.     Iron  pipes  cast  vertically 
(A.)  <J  4.     Copper  pipes,  plate 
Lead  pipes 


•0009  nd  + 

•13 

•0024  nd  + 

•83 

•0016  nd  + 

•32 

•0015  nd  + 

•16 

•0024  nd  + 

•19 

•0051  nd  + 

•16 

0054  nd  + 

1^60 

5.  Lead  pipes 

6.  Zinc  pipes 

7.  Artificial  stone 

For  cast-iron  pipes  the  engineer  of  the  Paris  water 
works,  M.  Dupuis,  adopted  in  his  practice  a  formula 
which  is  equivalent  to 
(B.)  t  =  -0016  nd  +  -82  +  '018  d 

in  the  foregoing  measures.     This  formula  may  also  be 
expressed  as  follows : — 
(C.)  t  =  (-0016  n  +  -018)  d  +  '82. 

If  (2  be  12  inches,  and  n  =  9,  corresponding  to  a 
pressure  of  297  feet,  we  shall  find  from  the  last  equa- 
tion, t  =  (-0144  +  -018)  X  12  -1-  -82  =  -8886  +  -82 

B  B  2 
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=  •6536  inch.  All  pipes  should  however  be  proved 
with  ten  atmospheres,  or  880  feet,  and  in  practically 
appljdng  the  above  fonnulee  in  equation  (A),  for  finding 
the  thickness  of  pipes,  the  value  of  n  should  always 
have  10  added  to  it.  Hence,  applying  formula  (A), 
No.  8,  to  our  example,  we  get  t  =  -0016  x  19  x  12 
+  "82  =  '6848  inch,  which  is  the  same  practically  as 
found  from  equation  (C). 

SEWERAGE  COST. 

As  for  water-works,  the  minimum  rain-fall  of  a 
district  should  be  calculated  upon ;  so  the  maximum 
fall  must  be  considered  for  sewerage  and  drainage 
works.  We  have  already  shown,  page  340,  that  for  a 
population  of  80  persons  per  statute  acre,  and  a  dis- 
charge of  two-fifths  of  an  inch  in  eight  hours,  sewers 
should  be  calculated  to  discharge  about  3^  cubic  feet 
per  minute,  the  rain  supply  being  about  seven  times 
the  house  supply,  or  sewage,  including  house  water 
supply.  Instances  are  quoted  in  which  the  discharge, 
after  a  heavy  rain-fall,  amounted  to  20J  cubic  feet  per 
minute  per  acre,  as  in  the  Savoy-street  sewer,  which 
of  course  was  principally  surface  water,  as  the  sewage 
of  80  persons  at  7  cubic  feet  per  person,  one-half  of 
which,  if  discharged  in  eight  hours,  would  only  be 

80  X  7       o^      , .     .    .  ,  36         e,^  .   , 

Q       2  =  35  cubic  feet  per  hour,  or  g^  =   -59  feet 

nearly  per  minute,  which  is  only  about  the  thirty-third 
part  of  20i  feet.  In  other  words,  the  storm  waters 
were  thirty-three  times  the  amount  of  house  sewage. 
It  would  be  waste  to  provide  drainage  for  so  much 
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surface  water  considered  in  itself,  where  it  can  be 
passed  oflf  from  the  surface  channels.  But  sewage  is 
not  water,  and  it  is  essential,  in  the  greater  number  of 
cases,  that  sewers  should  be  flushed  occasionally.  It 
is  absurd  to  calculate  the  size  of  sewers,  as  if  the 
sewage  matter  were  thoroughly  diluted  or  passed  oflF 
like  water.  In  fact,  the  sewage  in  part  lies  at  the 
bottom  of  the  sewer,  or  is  deposited  there  in  nine 
cases  out  of  ten,  while  the  house  supply  of  water 
passes  on  and  escapes  over  it,  removing  only  diluted 
and  detached  portions.  It  is,  therefore,  of  import- 
ance, where  artificial  flushing  and  cleansing  out  are 
not  provided,  that  storm  waters  should  occasionally 
pass  through  and  flush  a  system  of  sewers,  particularly 
the  main  or  arterial  lines.  An  engineer  must  be 
guided,  in  calculating  the  dimensions,  &c.,  of  main 
sewers,  by  the  circumstances  of  each  case.  The  incli- 
nations to  be  obtained,  the  form  of  the  bottom  or 
invert,  the  rain-fall,  the  amount  of  sewage  which  will 
not  affect  the  size  to  any  considerable  extent,  the 
material  and  the  cost  consistent  with  permanency. 

The  discharging  power  of  a  water  channel  is  more 
than  doubled  by  increasing  its  dimensions  by  one- 
third  ;  and  it  is  increased  in  the  proportion  of  5'7  to 
1  by  doubling  the  dimensions.  By  giving  four  times 
the  fall,  the  same  channel  will  only  double  the  dis- 
charge. Now  a  pipe  2  feet  in  diameter  with  a  fall  of  1 
in  200,  would  discharge  fully  1000  cubic  feet  of  water 
flowing  full  with  a  velocity  of  5*4  feet  per  second :  at 
8i  cubic  feet  per  minute  per  acre,  for  a  population  of 
80  to  the  acre,  the  thoroughly  diluted  sewage  of  280 
acres  would  be  passed  off  by  one  such  pipe  i  that  is. 
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the  sewage  from  20,400  persons,  on  280  acres,  and 
also  two-fifths  of  an  inch  of  rain  falling  for  eight 
hours,  can  be  conveyed  off  by  a  2  feet  pipe,  with  a  fall 
of  1  in  200.  But  as  this  rain  supply  is  about  seven 
times  the  house  supply,  passing  2J  feet  per  person  off 
in  eight  hours,  made  up  of  faeces  and  used-up  water 
supply,  it  is  apparent  that  such  a  pipe  would  convey 
about  eight  times  the  sewage  alone  of  the  district,  if 
flowing  as  water;  and,  under  any  circumstances, 
would  be  abundantly  large  for  the  duty,  even  when 
assuming  the  whole  quantity  to  pass  in  at  the  upper 
end.  For  a  fall  of  1  in  800,  two  such  pipes  would  be 
required,  or  one  pipe  82  inches  in  diameter  ;  for  a  faU 
of  1  in  8,200,  four  2  feet  pipes  would  be  required,  or 
one  pipe  8  feet  6  inches. 

House  drains  should  not  be  less  than  6  inches  in 
diameter,  and  should  have  facilities  for  being  cleaned, 
either  by  using  half-flange  joints,  or  by  having  a 
moveable  upper  segment.  The  inclination  for  these 
drains  should  be  uniform,  but  the  amount  is  not  so 
important  as  some  appear  to  think,  if  proper  provision 
be  made  for  cleaning.  Where  flushing  is  used,  cast- 
iron  pipes  are  the  best,  but  they  are  also  the  most 
expensive.  House  drains  of  brick  with  a  V  tile 
bottom  covered  with  flags  or  bricks  are  perhaps  the 
best,  as  the  capacity  can  be  considerably  augmented 
by  adding  to  the  height  of  the  sides,  and  they  can  be 
at  all  times  easily  opened  and  cleaned.  If  inclinations 
from  1  in  50  to  1  in  20  can  be  had,  so  much  the 
better.  The  following  items  as  to  cost  have  been 
selected  from  the  "  Builder  "  :-^ 
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COST  OF  SEWERS,   NEWPORT,   MONMOUTHSHIRE. 

Total 
lengthfl. 

Avenure 
depths. 

Sizes  of  sewers. 

Thisknesses. 

Cost  per 
foot  lineal 

feet 

ft.     in. 

ft.  in.      ft.  in. 

in. 

9.     d. 

1,322 

15      6 

4    6  by  3  *  6 

9 

11     8 

2,217 

13      0 

4    6  by  8    0 

9 

10     14 

6,110 

12      0 

3    0  by  2    2 

9 

7    7i 

12,854 

11      8 

3    0  by  2    2 

6 

5    3} 

1,953 

9      3 

2    6  by  1  10 

6 

4    7 

9,663 

10      0 

2    6  by  1  10 

44 

3    8 

690 

10      2 

2    3  by  1    9 

44 

3    6 

8,264 

8       6 

1    2  diameter 

44 

2    4} 

COST   OF   SEWERS   AND   PIPES    IN  PRESTON. 

The  following  extract  from  a  published  summary 
of  public  works  executed  during  the  year  ending 
April  80th,  1859,  contains  some  useful  informa- 
tion : — 

Yards. 

60  of  Brick  Sewers,  2  ft.  6in.  diameter  at  7s. 

638  3ft.  by  2ffc.,  at  17*.  6d 

294  3ft.  6in.  by  2ft.  4in.,  at  2S».      .        .     . 

872  3ft.  9in.  by  2ft.  6in.,  at  28«.  . 

250  4ft.  3in.  by  2ft.  lOin.,  at  ila.  9d.      .     . 

66  4it.  6in.  by  3ft.,  at  765.  7d.  . 

66  4ft.  6in.  diameter,  at  40j.  9d.    , 


1,636 

42  of  Cast-iron  Sewer,  2ft.  diameter,  at  86«, 

22  of  Eartbenvrare  Pipe  Sewer,  6in.  diame 

ter,  at  45.  .        .        . 

1,129  9in.  diameter,  at  75.  6^1.   . 

565  12in.  diameter,  at  85.  9d, 

88  15in.  diameter,  at  II5.  Sd, 

98  18in.  diameter,  at  135.  . 

145  21in.  diameter,  at  I85.  6d. 

2,089 

Total,  including  superintendence,  also  man-l 
guUies,  and  all  appurtenances 


£      8. 

21     0 

d. 
0 

£    5. 

d. 

470  16 

0 

412  12 

0 

620  16 

0 

621  17 

6 

211  12 

8 

134    9 

6 
—2,293    2 

8 

76  12 

0 

4    8 

0 

418  13 

6 

247    8 

9 

49  10 

0 

63  14 

0 

134    2 

6 

917  11 

8 

9S,  street 

. 

£3,286    6 

4 

Digitized  by  VjOOQ  IC 


376 


TEE  DISCHAROE  OP   WATER  PROM 


TABLE  shotnng  the  prices  of  Tviular  Drains  cu  made  by  the  Board  of 
Health  in  lS62,J^per  cent,  being  added  for  proJU,  Ac, ;  and  the 
sale  prices  in  the  market. 


|l 

Lenstfas. 

Bod 
Mrtben- 

the  Board. 

prices. 

Stoneware 
glaiedat 
^3e 
prioee. 

AMnimed  gain. 

On 

red  ware 

pipea. 

Ortr 

giasea 

stoneware 

5 
6 
9 

For  1,000  feet 
For  1,000  feet 
For  1,000  feet 

£    s,    d, 
6  15    0 
9  14    0 

15    1    6 

£  s.    d, 
20  16    8 
25    0    0 
87  10    0 

£   8,    d. 
25     0    0 
29     3     4 
60    0    0 

£    8.    d.£    8,    d.\ 

14  1    818    5    0 

15  6    0il9    9    4< 
22    8    6j34  18    ^ 

Did  the  Board  of  Health  here  add  the  cost  of  their  own  estahlish- 
ment  and  staff  to  the  cost  of  production  ?  The  manafactorer  and 
salesman  must  surely  live,  at  least  the  Author  thinks  so. 

The  following  estimates  were  made  for  laying  pipes 
at  Tottenham,  not  including  their  cost : — 


Diameter 

of  pipe 

in  inches. 

Depth 
6  feet. 

Depth 

Depth 
10  feet. 

6 

Sid, 

lid. 

I2d, 

9 

9id. 

liid. 

15id, 

12 

Hid. 

16K 

iHd. 

The  cost  of  laying  alone  at  St.  Thomas's,  Exeter, 
was — 

6  inch  pipes        6d,  per  foot  lineal        3  to  4  feet  deep. 
9        „  6d,  „  3  to  4  feet  deep. 

12        „  Sd,  „  5  feet  deep. 

15        „  9<2.  „  5  feet  deep. 

18        „  lid.  „  5  feet  deep. 

2d.  per  foot  lineal  for  relaying  pitching  ;  4d.  for  macadamised 
roads ;  and  6d.  for  pavements. 
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ESTIMATE  FOR  SEWERS  AT  BRIGHTON. 


Price 

Dmcbiption  op  Sewsrs. 

Length  in  ymrdi. 

^. 

Amount 

Brick  Sewers : — 

Diameter. 

£    8. 

£           8. 

6ft 

4,850 

3  10 

16,975    0 

4ft.  6m.       . 

350 

2  10 

876    0 

4  ft.  6  in.  by  3  ft.      .     . 

4,000 

2    8 

9,600    0 

8  ft.  9  in.  by  2  ft.  6  in.  . 

1,890 

2    2 

3,969    0 

3ft.  by  2ft.      .        .     . 

2,820 

1  16 

5,076    0 

2ft.  Sin.  by  1ft.  6in.  . 

8,580 

0  18 

7,722    0 

Total  brick  sewers       .     . 
Earthenware  Pipe  Sewers  : 

22,490 

8.      d. 

15  inches  diameter 

9,466 

18    6 

6,889  11 

12     „            „          .     . 

44,430 

10    0 

22,215    0 

Total    earthenware    pipe 

53,896 

sewers  .        «        •        • 

Cast-iron  Pipe  Seioert : — 

£    8. 

3  in.  diameter  .        .     . 

750 

7    0 

5,250    0 

1ft.  6in.  „ 

1,260 

8    0 

3,780    0 

Total  cast-iron  pipe  sewers 
Total  length  of  sewers      . 

2,010 

78,896 

Or  44  miles  956  yards 

Man  holes  and  ventilating 

Number 

shafts        .... 

600 

20    0 

12,000    0 

Lamp-holes 

600 

4    0 

2,400    0 

GuUies        .... 

3,000 

3  10 

10,500    0 

Outlet    works,   overflows, 

and  extra  work  on  steep 

gradients,  &c. 

5,000    0 

Contingencies,    including 

repairs,  &c.,  of  existing 

sewers,  10  per  cent. 

Total        .        .    . 

11,178    9 

£122,980    0 

The  author  has  constructed  a  large  quantity  of  main 
sewers,  from  18  inches  to  2  feet  and  2  feet  6  inches 
wide,  and  4  feet  6  inches  high;  the  side  walls  built 
with  rubble  masonry,  9-inch  segment  inverts  laid  with 
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4|-inch  courses  in  cement ;  the  top  sometimes  flagged, 
when  flags  of  sufficient  length  could  be  procured,  and 
sometimes  arched  with  rough  rubble  arches.  The 
invert  was  laid  on,  well  bedded,  well  rammed,  rubble 
to  prevent  subsidence,  and  preserve  the  bottom  incli- 
nation imiform.  The  cost,  at  an  average  depth  of 
about  9  feet,  was  9«.  per  running  foot,  the  side  walls 
being  about  18  inches  thick.  Upright  side  walls, 
where  rubble  is  cheap,  have  many  advantages  in  giving 
a  considerable  increase  of  capacity  for  a  small  outlay. 
The  tenement  and  house  drains  were  of  earthenware 
pipes.  Cast-iron  gully  grates  and  traps,  weighing  8 
cwt.,  cost  80«.  each ;  the  grate  fastened  by  a  wrought- 
iron  chain. 

The  following  regulations  were  laid  down  for  Cam- 
bridge and  Carlisle : — 

STIPULATIONS  FOR  CAMBRIDGE  DRAINAGE. 

"  "Water  from  the  rear  of  premises  should  not  be  conveyed  to  the 
front  nnder  the  basement  floor. 

**  Rain-water  from  the  roofs  should  not  be  conveyed  into  the  base- 
ment, but  conducted  into  the  sewer  by  shallow  drains. 

"Cast-iron  pipes  may  be  used  for  basement  drains  in  some  in- 
stances. 

"The  scullery  sink  should  be  kept  as  high  as  possible,  and 
approached  by  a  step.  A  flat  trap  should  be  fixed  between  the  sink 
and  sewer. 

**  There  should  be  no  water-closet  on  the  basement  floor ;  if  it  can- 
not be  arranged  elsewhere,  the  soil-pipe  should  have  a  flap  trap,  or 
similar  contrivance,  to  prevent  the  influx  of  sewage  water." 

FOR  CARLISLE  DRAINAGE. 

"Stipulation  1. — If  water-closets  are  to  be  generally  used,  the 
description  of  such  to  be  sanctioned  by  the  Board,  the  same  to  be  fixed 
to  the  satisfaction  of  the  Surveyor. 
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'*  2. — All  down-spouts  to  be  connected  with  the  sewers  where  it  may 
be  proper  to  connect  the  same  ;  in  all  cases  where  they  are  not  con- 
nected with  the  sewer  they  are  to  be  connected  with  the  channel. 

"3. — All  stench  traps  to  be  similar  to  samples  fiinushed  by  the 
Surveyor,  or  others  approved  by  hiiii,  and  properly  fixed  to  his  satis- 
faction. 

**4, — All  sewers  to  water-closets  not  to  be  less  than  six  iiiches 
diameter. 

"  5. — ^All  sewers  to  yards,  stables,  kitchens,  and  sculleries,  not  to 
be  less  than  four  inches  diameter. 

**  6. — ^In  every  case  the  whole  of  the  fall  to  be  made  available  from 
the  junction  with  the  main  sewer  to  the  end  of  the  private  drain,  that 
is  to  say,  only  one  inclination  to  be  used  from  the  junction  with  the 
public  sewer  to  the  end  of  the  private  drain  ;  and  all  branches  from 
the  private  drain  to  sinks,  water-closets,  Ac.,  to  have  one  inclination 
from  the  junction  of  such  drain.  None  of  the  above  instructions  to 
be  depcLTted  from  without  the  express  sanction  of  the  Surveyor. 

«  7. — In  no  case  must  a  private  drain  be  put  in  with  a  less  faU  than 
one  in  fifty,  without  the  sanction  of  the  Surveyor. 

**  8— No  pipes,  water-closets,  stench  traps,  gullies,  kitchen  sinks, 
bends,  junction  or  tapering  pipes,  to  be  used  without  being  approved 
by  the  Surveyor. 

**  9.— All  ash  pits  and  dung  depdts  to  be  raised  to  the  level  of  the 
adjoining  ground,  to  be  properly  paved  and  drained  as  the  Surveyor 
may  direct. 

**  10. — All  buildings,  outhouses,  Ac.,  to  be  properly  spouted,  and 
the  water  conveyed  into  the  sewers  where  approved  of  by  the  Sur- 
veyor." 

THOROUGH  LAND  DRAINAGE. 

The  following  instructions  and  general  specifications, 
have  been  prepared  by  the  Commissioners  of  Public 
"VVorks  in  Ireland,  for  the  use  of  the  district  inspectors, 
and  persons  reporting  on  thorough-drainage.  The 
drains  are  made  in  general  parallel,  and  to  suit  the 
fall  of  the  ground.  The  depths  must  alter  in  order 
that  the  bottoms  should  have  an  uninterrupted  fall,  and 
may  vary  from  2  feet  to  4  feet  6  inches  in  practice. 
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averaging,  say  about  8  feet  6  inches,  but  dependent 
on  circumstances.  The  portions  printed  in  italics 
are  from  specifications  prepared  by  officers  of  the 
Board,  and  are  varied  according  to  each  particular 
case: — 

OENX&AL  OBSSRYATIOKS. 

"  Ko  drainage  works  shonld  be  undertaken  until  it  has  been  clearly 
ascertained  that  the  surface  level  of  the  maximum  floods  in  the  main 
drain  can  be  discharged  at  a  level  that  wiU  admit  of  the  submain 
drains  venting  the  waters  from  the  lowest  point  of  the  lands  proposed 
to  be  thorough-drained,  at  a  level  sufficiently  below  the  surface  of  such 
land,  that  the  highest  floods  shall  not  prevent  the  free  discharge  of 
such  submain. 

''When  sufficient  out-fall  can  be  obtained,  no  open  main  drain 
should  be  of  a  less  depth  than  five  feet,  and  in  all  cases  a  greater  depth 
is  desirable,  in  order  to  insure  a  permanent  and  efficient  drainage,  and 
at  the  same  time  to  prevent  cattle,  &c.,  from  crossing. 

"  As  it  has  been  found  by  practical  experiments  on  different  varie- 
ties of  soils,  that  deep  drains,  say  from  four  to  five  feet  deep,  are  more 
effective  than  shallow  ones  :  they  should  always  be  estimated  for,  when 
the  open  main  drains  admit  of  their  being  cut  to  that  depth,  or  when, 
by  a  moderate  outlay  per  acre,  the  main  drains  can  be  cut  to  a  suffi- 
cient depth ;  the  distance  between  the  parallel  drains  must  necessarily 
vary  with  the  texture  of  the  soil, — forty  feet  may  be  taken  as  a  general 
rule. 

OPEN  MAIN  DBAIN8. 

"  Main  drains  should  have  gradients  of  such  inclination,  and  be 
sunk  to  a  depth  that  will  admit  of  the  above  stipulations,  as  to  the 
dischatge  of  the  submain  drains  being  carried  out.  They  should  have 
such  width  at  bottom  and  side  slopes  as  may  be  necessary  ;  and  be  free 
of  sharp  angles,  projecting  stones,  and  other  impediments  to  the  quick 
discharge  of  the  waters. 

"  The  spoil  or  material  raised  in  sinking  and  improving  the  drains, 
where  not  available  for  filling  up  useless  holes  or  drains,  should  be 
removed  to  a  proper  distance  from  the  edge  of  the  main  drains,  and 
dressed  off  in  a  workmanlike  manner. 

"  The  abutments  and  piers  of  such  bridges  as  have  sufficient  breadth 
of  water-way,  should,  if  necessary,  be  carefully  under-pinned  ;  and 
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those  bridges  which  are  insofficient  to  dischaige  floods,  should  be 
taken  down  and  reboilt  of  suitable  dimensions. 

COVERED  HAIX  DRAINS. 

"  Whenever,  from  the  natore  of  the  lands,  the  extent  of  the  distnct 
nnder  drainage,  and  the  quantity  of  water  to  be  voided,  it  may  be 
necessary  to  form  covered  main  drains  to  receive  the  water  discharged 
from  the  submains,  their  dimensions  must  be  proportional  to  the 
amount  of  water  to  be  voided,  well  flagged  or  paved  at  bottom,  the 
aides  built  of  stone  or  brick,  and  covered  with  a  flag  or  arch  at  top. 

SUBMAINS. 

"  The  submains  to  be  of  such  depth  and  width  at  top  and  bottom 
as  may  be  necessary.  The  fall  in  each  to  be  as  great  as  the  above- 
described  main  drainage  of  the  district  will  allow,  and  not  to  be 
allowed  to  run  beyond  a  suitable  length  vrithout  discharging  itself  into 
a  covered  or  open  main  drain. 

THE  MINOR  DRAINS 

"  To  be  of  such  depth,  width  at  top  and  bottom,  and  at  such  distance 
apart,  as  will  secure  the  perfect  drainage  of  the  land,  to  be  run  in  a 
straight  direction  parallel  to  each  other,  directly  up  and  down  the 
declivity,  unless  where  the  declivity  happens  to  be  very  steep,  and 
then  to  be  carried  across  the  £Edl  at  such  an  angle  as  to  secure  a  free 
discharge  for  the  water.  The  fall  in  each  minor  drain  to  be  as  great  as 
the  main  drainage  and  submain  drainage,  previously  described,  will 
admit. 

"  In  filling  in  the  stones,  great  care  should  be  taken  that  the  bottom 
of  the  drain  be  dean,  and  that  no  clay  or  dirt  be  put  in  with  them  ; 
a  sod,  grass  side  down,  or  a  few  inches  of  tough  clay,  to  be  placed  on 
the  surfiAce  of  the  stones,  and  trodden  firmly.  The  drain  should  then 
be  filled  up  with  the  stuff  previously  shovelled  out,  observing  to  keep 
the  active  soil  for  the  top.  The  putting  in  of  the  stones  to  be  com- 
menced at  the  highest  part  or  head  of  the  drain. 

*'  In  using  draining  pipes  or  other  tiles,  care  should  be  taken  that 
they  be  laid  firmly  on  the  bottom  for  their  entire  length,  so  as  to  pre- 
vent them  being  deranged  by  the  filing  of  the  drain,  and  that  the 
points  be  fitted  as  closely  together  as  possible. 

*<  In  cases  of  unfavourable  ground,  caused  by  running  sand  or  other- 
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wise,  whereby  the  level  of  the  conduit  might  be  deranged,  collared 
pipe  tiles  offer  considerable  advantages  in  the  way  of  remedy. 

''  When  gripes  may  be  necessary  on  the  sides  of  farm  roads,  they 
should  be  on  the  field  side  of  the  fences." 


SPECIFICATION  FOR  MAIK  DRAINAGE. 

OPEN  MAIN  DBAINS. 

"  The  deepening  and  improving  of  the  main  drain,  No. ,  is  to 

be  commenced  at  the  point on  the  accompanying  map,  and  from 

thence  a  gradient  carried  up  to  the  point ,  having  an  inclination 

of  at  least feet  per  statute  mile,  and  sunk  to  the  depth  of 

feet.    It  shall  be feet  wide  at  bottom,  and  the  side  slopes  shall 

average at  least,  unless  in  rock  cutting,  when  the  side  slopes  may 

be  diminished  to  six  inches  to  one  foot ;  aU  sharp  angles,  projecting 
stones,  and  other  impediments  to  the  free  discharge  of  the  water,  must 
be  careftLlly  removed.  The  spoil  or  material  raised  in  sinking  and 
improving  the  drain,  when  not  immediately  used  for  top-dressing  the 
adjoining  lands,  or  for  filling  useless  holes  or  drains,  is  to  be  removed 

to  a  distance  of feet  from  the  edge  of  the  main  drain,  and  dressed 

off  in  a  workmanlike  manner. 

"The  bridge  marked  at  the  point on  the  accompanying  map 

to  be . 

"  The  whole  to  be  executed  in  a  proper  and  workmanlike  manner, 
and  the  works  to  be  maintained  in  good  order  for  so  long  as  any 
interest  shall  be  payable  for  the  money  advanced  on  account  of  its 
execution." 


SPECIFICATION  FOR  THOROUGH-DRAINAGE 
(WITH  TILES). 

COVSRED  MAIN  DRAINS. 

«  These  shall  be  cut  fifty-fowr  inches  deep,  (hirty-six  inches  wide  at 
top,  ttotiUy-four  inches  wide  at  bottom ;  the  materials  used  in  them 
shall  be  douJble  rcw  of  thru-inch  pipe  tiles, 

"The  side  walls  shall  be inches  in  height, inches  thick, 

and  well at  bottom.    They  shall  be  covered  with  a  flag  not  less 

than in  thickness. 
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SUBXAINS. 

"  These  shall  be  cut  ffty  inches  deep,  thirty  inches  wide  at  top, 
eighieen  inches  wide  at  bottom.  They  shall  be  carried  along  the  low 
side  of  the  fields,  or  portions  of  land  to  be  drained,  at  a  distance  firam 
the  fence  of  fifteen  feet,  and  through  natural  hollows  where  necessaiy. 
No  submain  to  be  allowed  to  run  beyond  a  length  of  tioo  hundred 
yards  without  discharging  itself  into  a  corered  or  open  nuun  drain. 

MINOR  DRAINS. 

"  These  shall  be  cut  forty-eight  inches  deep,  noBtsen  inches  wide  at 
top,  five  inches  wide  at  bottom,  and  at  a  distance  oifcriiy  feet  apart 
They  shall  be  run  in  a  straight  direction,  parallel  to  each  other,  directly 
up  and  down  the  declivity  (when  possible).  No  minor  drain  to  be 
allowed  to  run  beyond  a  length  of  two  hwndnd  yards  withoat  discharg- 
ing itself  into  a  submain. 

riLLINQ  IN. 

"  All  the  drains  (or  a  large  number  of  them)  having  been  opened 
and  cut  in  a  workmanlike  manner,  and  it  being  ascertainod  that 
no  water  is  standing  in  any  of  them,  the  filling  in  may  be  com- 
menced. 

IfnrOR  DRAINS. 

''Into  each  minor  drain  shall  be  put  pipe  tiles  twdot  inches  in 
length,  one-and-a-half  inch  in  the  ope,  for  one  hundred  yards,  com- 
mencing from  the  upper  end  of  the  drain,  and  pipe  tiles  twelve  inches 
in  length,  one-and-ihree-quarter  inch  in  the  ope,  in  continuation  from 
thence  to  the  submains. 

SUB1CAIN8. 

"  Into  each  submain  shall  be  put  pipe  tiles  ttpelve  inches  in  length, 
two  inches  in  the  ope,  for  one  hundred  yards,  commencing  frt)m  the 
upper  end  of  the  drain,  and  pipe  tiles  twelve  inches  in  length,  three 
inches  in  the  ope,  in  continuation  to  the  end  or  point  where  they  dis- 
charge themselves. 

GENERAL  RULES. 

"  All  tiles  to  be  of  good  sound  material,  and  well  burned.  The 
tiles  shall  be  laid  firmly  on  the  bottoms  of  the  drains  for  their  entire 
length  ;  the  joints  fitted  as  closely  as  possible,  they  shaU  be  carefully 
covered  with  a  thin  grasey  sod  or  screen.  The  stuff  previously  taken 
out  of  the  drains  shall  then  be  returned,  observing  to  keep  the  active 
soil  uppermost 
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"  The  months  of  the  covered  main  or  submain  drains  shall  be  bnilt 
abont  with  solid  masonry  set  in  mortar,  carried  up  with  the  same  slope 
as  the  sides  of  the  open  main  drain,  into  which  they  discharge  them- 
selves. 

"Before  laying  the  tiles,  great  care  must  be  taken  that  the  bottom 
of  the  drains  be  clean.  The  putting  in  of  the  tiles  to  be  commenced 
at  the  highest  point  or  head  of  the  drains. 

**  In  case  of  an  entire  field  being  thorough-drained,  a  drain  shall  be 
out  at  the  top  of  it,  parallel  to  the  fence,  and  running  at  a  distance 
from  it  equal  to  one-half  of  the  distance  between  each  of  the  minor 
drains,  into  one  or  more  of  which  (as  may  be  necessary)  it  shall  dis- 
charge itself.  The  remainder  of  the  minor  drains  to  be  discontinued 
at  a  distance  from  this  drain  equal  to  one-half  the  entire  distance 
between  each  of  the  minor  drains  ;  this  drain  to  be  of  the  same  dimen- 
sions, and  filled  with  the  same  materials,  and  in  like  manner,  as  the 
above  described. 

**  No  open  drain  shall  run  into  a  closed  one. 

'*  In  passing  through  unfavourable  ground,  caused  by  running  sand 
or  otherwise,  whereby  the  level  of  the  conduit  might  be  deranged,  and 
where  pipe  tiles  are  the  materials  used  for  forming  the  conduit,  collars 
must  be  used,  so  as  to  connect  the  ends  of  the  tiles,  and  they  must  be 
fitted  as  closely  as  possible. 

"Soles  must,  in  all  cases,  be  used  when  laying  single  D  tiles,  and 
they  must  be  so  laid  that  the  ends  of  the  tiles  shall  rest  equally  on 
them ;  when  inverted  D  tiles  are  used,  they  shall  also  be  connected 
from  end  to  end  by  placing  one-half  of  the  upper  tiles  on  one-half  of 
the  adjoining  tiles  below  them. 

"  The  whole  to  be  executed  in  a  proper  and  workmanlike  manner  ; 
and  the  work  to  be  maintained  in  like  good  order  as  when  approved  of 
at  its  completion,  for  so  long  as  any  interest  shall  be  payable  for  the 
money  advanced  on  account  of  its  execution.''  [Collars  for  up  to  i-mch 
pipes  can  he  had  at  the  Florence  Court  Tilery.] 

SPECIFICATION  FOB  THOROUGH-DRAINAGE  (WITH 
BROKEN  STONES). 

COVERED  MAIN  DRAINS. 

"  These  shall  be  cut  forty 'iioo  inches  deep,  thirty  inches  wide  at  top, 
twenty-four  inches  wide  at  bottom  ;  the  materials  used  in  them  shidl 
be . 

0  0 
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"The  side  walls  in  them  shall  he  twelve  inches  in  height,  six 

inches  thick,    and  well  at  hottom.      They  shall  he  ooTered 

with . 

STTBMAIN8. 

"  These  shall  he  cut  forty-iwo  inches  deep,  eighteen,  inches  wide  at 
top,  fowrUen  inches  wide  at  hottom.  They  shall  he  carried  along  the 
low  side  of  the  fields,  or  portions  of  land  to  he  drained,  at  a  distance 
from  the  fences  of  ihirUen  feet,  and  through  natural  hollows,  where 
necessary.  No  suhmain  to  he  allowed  to  ran  beyond  the  length  of  one 
hundred  and  fifty  yards,  without  discharging  itself  into  a  covered  or 
open  main  drain. 

MINOR  DRAINS. 

**  These  shall  be  cut  thirty-six  inches  deep^  fifteen  inches  wide  at  top, 
fimr  inches  wide  at  bottom,  and  at  a  distance  of  twenty-aix  feet  apart 
They  shall  be  run  in  a  straight  direction,^  parallel  to  each  other,  directly 
up  and  down  the  declivity  (when  possible).  No  minor  drain  to  be 
allowed  to  run  beyond  the  length  of  two  hundred  yards  without  dis- 
charging itself  into  a  submain. 


FILUNO  IN. 

*'  AU  the  drains  (or  a  large  number  of  them)  having  been  opened 
and  cut  in  a  workmanlike  manner,  and  it  being  ascertained  that  no 
water  is  standing  in  any  ci  them,  the  filling  in  may  be  commenced. 


MINOR  DRAINS. 

"  Into  each  minor  drain  shall  be  put  ten  inches  of  broken  stones  in 
depth,  the  stones  having  been  broken  to  a  size  not  exceeding  two-and- 
a-half  inches  in  diameter.  Great  care  should  be  taken  that  the  bottom 
of  the  drain  be  clean,  and  that  no  clay  or  dirt  be  put  in  along  with  the 
stones ;  a  sod  (or  clay,  as  may  be  convenient)  three  inches  thick  shall 
be  placed  carefully  on  top,  and  the  whole  trampled  upon  or  rammed 
hard.  The  drain  shall  then  be  filled  up  with  the  stuff  previously 
shovelled  out,  observing  to  keep  the  active  soil  for  covering  the  top. 
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The  putting  in  of  the  stones  shall  invariably  be  commenced  at  the 
highest  part  or  head  of  the  dndn. 

FILLING  IN  8UBMAINS. 

''In  each  submain  a  conduit  shall  be  formed  of  six  inches  in 
height,  four  inches  wide,  and  the  filling  in  completed  as  aboye 
described. 

GENERAL  RT7LES. 

'*  The  mouths  of  the  covered  main  or  submain  drains  shall  be  built 
about  with  solid  masonry  set  in  mortar,  carried  up  with  the  same  slope 
as  the  sides  of  the  open  main  drain  into  which  they  discharge  them- 
selves. 

'*  Before  filling  in  the  stones,  great  care  must  be  taken  that  the 
bottom  of  the  drains  be  dean,  and  that  no  clay  or  dirt  be  put  in  along 
with  them.  The  putting  in  of  the  stones  to  be  commenced  at  the 
highest  part  or  head  of  the  drains. 

"  In  case  of  an  entire  field  being  thorough-drained,  a  drain  shall  be 
cut  at  the  top  of  it,  parallel  to  the  fence,  and  running  at  a  distance 
from  it  equal  to  one-half  the  distance  between  each  of  the  minor  drains, 
into  one  or  more  of  which  (as  may  be  necessary)  it  shall  discharge 
itself.  The  remainder  of  the  minor  drains  to  be  discontinued  at  a 
distance  from  this  drain,  equal  to  one-half  the  entire  distance  between 
each  of  the  minor  drains ;  this  drain  to  be  of  the  same  dimensions,  to 
be  filled  with  the  same  material,  and  in  like  manner,  as  the  above 
described. 

"  Ko  open  drain  shall  run  into  a  closed  one. 

"The  whole  to  be  executed  in  a  proper  and  workmanlike  manner, 
and  the  work  to  be  maintained  in  like  good  order  as  when  approved  of 
at  its  completion,  for  so  long  as  any  interest  shall  be  payable  for  the 
money  advanced  on  account  of  its  execution." 

One  of  the  officers  of  the  Commissioners  of  Public 
Works,  Ireland,  the  Inspector  of  Drainage  for  Ros- 
common, a  gentleman  residing  in  that  county,  wrote 
to  us  as  follows,  with  reference  to  tile  and  broken- 
stone  drains  on  the  carboniferous  formation : — 

"  With  respect   to  tile  drainage,  my  experience  ha 

c  0  2 


Digitized  by  VjOOQ  IC 


888  THE  DISCHARGE  OF  WATER  FROM 

not  been  very  extensive,  as  the  proprietors  of  the  dis- 
trict, with  scarcely  any  exception,  give  a  decided  pre- 
ference to  broken  stones ;  but  from  what  I  have  seen, 
I  am  very  much  inclined  to  prefer  good  well-burnt 
pipes  to  any  other  draining  material,  provided  that 
collars  be  used,  but  not  otherwise.  As  to  the  best 
diameters,  I  have  found  the  1  J"  collared  pipes  of  the 
Clonbrock  Tile  Works  (now  closed)  very  satisfactory  ; 
but  when  the  length  of  minor  drains  exceeded  100 
yards,  I  should  like  an  increase  to  1^  or  \\.  For 
submains  (say  150  or  180  yards  long)  I  have  recom- 
mended pipes  of  2  inches,  i\,  and  8  inches  in  succes- 
sion, all  of  which  were  to  be  had  with  collars :  if 
4-inch  pipes  were  to  be  had  with  collars,  I  should 
have  recommended  longer  submains.  The  larger-sized 
pipes  are  not  provided  with  collars  in  our  present 
tileries,  and  on  this  account  I  generally  put  a  note  on 
the  margin  of  the  printed  form^  suggesting  that  a  stone 
duct  of  the  ordinarg  size  of  submainy  say  6  inches  in 
height  and  4  inches  toide,  be  substituted  for  the  tile 
filling. 

"  I  decidedly  prefer  an  open  duct  to  broken-stone 
filling;  and  in  nine-tenths  of  my  own  dndnage  I 
have  made  the  minor  drains  on  the  same  plan  as  the 
submain,  with  an  open  stone  conduit;  the  only 
difference  being,  that  the  minor  drains  are  a  few 
inches  shallower,  with  a  smaller  duct.  The  increase 
of  expense  is  a  mere  trifle,  and  when  the  substratum 
(as  very  frequently  occurs  here)  is  a  fine  calcareous 
gravel,  containing  40  to  60  per  cent,  of  carbonate  of 
lime,  the  additional  spoil  is  a  very  cheap  fertilizer  for 
the  land. 
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"  With  respect  to  depths  and  distances  apart,  the 
two  most  commonly  used  in  my  specification  are  SJ 
feet  deep,  38  feet  apart, — and  4  feet  deep,  42  feet 
apart.  These  arrangements  will  not  suit  all  cases, 
and  I  vary  accordingly.  Thus,  in  one  case  of  exceed- 
ingly retentive  land  of  peculiar  texture,  4-feet  drains, 
27  feet  apart,  produced  the  required  result,  while  in 
another,  8  J-feet  drains,  66  feet  apart,  effected  all  that 
was  required.  In  the  latter  case  there  was  a  mixed 
soil,  which  might  be  described  as  '  half  wet ; '  yet  the 
water  lingered  suflSciently  long  to  make  the  land  im- 
sound  for  sheep,  and  greatly  to  injure  the  crops  in 
quality  as  weU  as  quantity." 

Mr.  Josiah  Parkes  says,  in  1848  : — "  Experiment 
and  experience  have  rapidly  induced  the  adoption 
of  a  system  of  parallel  drains,  considerably  deeper, 
and  less  frequent,  than  those  commonly  advocated  by 
professed  drainers,  or  in  general  use.  I  gave  several 
instances  of  this  practice  in  Kent  in  the  Beport  of 
last  year,  1848,  already  alluded  to,  and  it  is  rapidly 
extending.  Mr.  Hammond  stated  to  you  that  he 
drained  *  stiff  clays  2  feet  deep,  and  24  feet  between 
the  drams,  at  ;£8  48.  %d,  per  acre,  and  porous  soils  8 
feet  deep,  88^  feet  asunder,  at  £2  5b.  2c2.  per  acre.'  I 
now  find  him  continuing  his  drainage  at  4  feet  deep, 
wherever  he  can  obtain  the  outfall,  fi-om  a  conviction 
foimded  on  the  experience  of  a  cautious  progressive 
practice  as  to  the  depth  and  distance,  that  depth 
consists  with  economy  of  outlay  as  well  as  with 
superior  effect.  He  has  found  4-feet  drains  to  be 
efficient,  at  50  feet  asunder,  in  soils  of  varied  texture 
— ^not  uniform  clays — and  executes  them  at  a  coat  of 
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about  £2  6«.  per  acre,  being  18/j.  4d.  for  871  pipes, 
and  £\  6«.  6d.  for  53  rods  of  digging.  Communica- 
tions have  been  recently  made  to  me  by  several 
respectable  Kentish  farmers,  of  the  satisfactory  per- 
formance of  drains  deeply  laid  in  the  Weald  clays,  at 
distances  ranging  from  80  to  40  feet,  but  I  have  not 
had  the  opportunity  of  personally  inspecting  these 
drainages. 

"The  following  Uttle  table  shows  the  actual  and 
respective  cost  of  the  above  three  cases  of  under- 


Depth  of 

drains,  in 

foet. 

DManoe 
between  the 
drains,  in  feet 

Mass 

of  sou  drained 

per  acre, 
in  cubic  yards. 

Mass  of  son      SarfaoeofsoQ 

drained  for  one  drained  for  one 

penny,  in           ponny,  in 

2 
8 

4 

24 

884 

60 

8226i 

4840 

6458 

41 

8-98 

1200 

6-27 
8*98 
8-96 

draining,  calculated  on  the  effects  really  produced, 
that  is,  on  the  masses  of  earth  effectively  relieved 
of  their  surplus  water  at  an  equal  expense.  I  con- 
ceive this  to  be  the  true  expression  of  the  work 
done,  as  a  mere  statement  of  the  cost  of  drainage  per 
acre  of  surface  conveys  but  an  imperfect,  indeed  a 
very  erroneous,  idea  of  the  substantive  and  useful 
expenditure  on  any  particular  system.  This  will  be 
apparent  on  reference  to  the  two  last  columns  of  the 
table,  which  give  the  cost  in  cubic  yards  and  square 
yards  of  soil  drained  for  one  penny,  at  the  above- 
mentioned  prices,  depths,  and  distances. 

"  I  may  here  observe,  that  Mr.  Hammond,  when 
draining    tenacious    clays,    chooses    the    month    of 
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February  for  the  work,  when  he  lays  his  pipes 
(just  covering  them  with  clay  to  prevent  crumbs 
from  getting  in),  and  leaves  the  trenches  open 
through  March,  if  it  be  drying  weather,  by  which 
means  he  finds  the  cracking  of  tiie  soil  much  accele- 
rated, and  the  complete  action  of  the  drains  advanced 
a  full  season.  The  process  of  cracking  may,  doubtless, 
be  hastened  both  by  a  choice  of  the  period  of  the  year 
in  which  drains  are  made,  and  by  such  a  management 
of  the  surface  as  to  expose  it  to  the  full  force  of 
atmospheric  evaporation." 

With  reference  to  drains,  we  have  known  a  case  in 
the  Queen's  Coimty  in  which  inch  pipes  had  to  be 
taken  up,  and  pipes  of  2^-inch  bore  substituted.  The 
drains  were  40  feet  apart,  and  4  feet  deep,  and  the  pipes 
had  collars.  The  minor  drains  should  discharge  into 
submains  at  convenient  distances,  say  100  yards,  on 
flat  grounds.  Small  pipes  will  choke  tmless  the 
velocity  in  them  be  suflScient  to  cany  off  deposits, 
and  the  diameters  should  vary  according  to  the  in- 
clinations of  the  ground,  and  distance  apart  of  the 
drains. 

Mr.  Mechi,  in  1844,  laid  down  the  following  rules : — 

"  1st. — That  it  is  not  the  size  or  form  of  the  drains 
that  regulate  perfect  drainage ;  but  the  depth  at  which 
they  are  placed.  The  depth  also  governs  the  distances 
at  which  the  drains  should  be  cut  according  to  the 
quality  of  the  soil. 

"  2nd. — ^The  pipes  of  1-inch  bore,  without  stones, 
are  amply  sufficient,  placed  at  4  feet  deep  and  80  feet 
wide  in  dense  soils,  and  the  same  depth  and  50  feet 
wide  in  mixed  soils. 
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"  8rd. — The  deep  drains  receive  more  water  than 
shallow  ones>  and  consequently  lay  dry  a  greater  extent 
of  ground. 

"4th. — The  deep  drains  begin  and  end  running 
sooner  than  shallow  ones,  and  carry  off  more  water  in  a 
given  time. 

"  5th. — That  where  shallow  drains  are  made  and 
deep  ones  cut  below  them,  the  shallow  ones  no  longer 
act,  all  the  water  passing  to  the  deeper  drains. 

''  6th. — That  when  round  stones  are  used  as  well  as 
pipes,  the  latter  shoiild  always  be  placed  at  the  bottom, 
as  I  find,  practically,  water  flows  more  quickly  through 
pipes  than  amongst  stones. 

"  Before  persons  begin  draining,  I  would  recommend 
their  perusing  attentively  the  facts  developed  by  Mr. 
Parkes,  at  pages  89  and  40,  and  my  remarks  at  page 
86  of  Letters  on  Agriciiltural  Improvements. 

"  Pipes  made  to  socket  into  each  other  (by  Ford's 
Patent  Socketing  Machine)  are  best  adapted  to  loose  or 
mixed  soils.*' 

Pipes  laid,  however,  too  near  the  surface,  are  fre- 
quently choked  with  the  roots  of  plants.  The  principal 
advantage  of  submains  alongside  open  mains  is,  that 
the  mouths  of  the  minor  drains  should  not  be  choked 
from  vegetation,  and  that  the  water  from  them,  flowing 
into  and  taken  up  by  this  submain,  may  be  discharged 
by  a  few  apertures  only,  and  thereby  keep  themselves 
open,  or  as  much  so  as  the  nature  of  the  case  will 
admit.  The  following  tables  show  the  cost  per  statute 
acre,  in  Ireland,  of  thorough-drainage,  which  must 
var>'  with  circumstances,  locality,  and  the  value  of 
labour. 
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The  average  cost  per  statute  acre  for  Sir  Eichard 
O'Donnell's  Gold  Medal  was  £i  58.7d.,  and  £4  ISs.  lOd. 

TABLE  skewing  a  Return  of  the  number  of  Acres  thorough-drained  m  the 
years  1848  amd  1844,  hy  ihe  different  Competitors  for  Sir  Richard 
O^DormelVs  Oold  Medal,  together  with  the  Average  Prices  per  Perch,  and 
Cost  per  Acre  respectively.  {Owen  in  Reports  to  the  Royal  Agricultural 
Improvement  Society  of  Ireland.) 


OompetitorB. 

»^8 

l|t 

price  per 
statute 
perch. 

Average 
acre. 

3| 

A.    R.   P. 

P. 

Marquess  of  Waterf ord 

501    2  15 

66,900 

9d.in 
1842,  re- 
duced to 

1845. 

£5  in 

1842,  ro- 

duoedto 

£8  2«.  Sd. 

in  1845. 

5  per  cent 
charged  to 
the  rent. 

Viscount  Templotown . 

564    025 

54,851 

Hd. 

£1  14    4 

£500    00 

, , 

Sir  R.OT)oimell,  Bart 

551    0    0 

58,478 

id. 

1  12    4 

408    6  0'8d  a  day. 

821    0  19 

47,183 

id. 

2    9    5 

390    9  9  lOd  to  1«. 

a  day. 

J.  L.  W.  Naper,  Esq.  . 

254    1  29 

84,488 

w. 

5    8    8 

700    7  4 

7<i.aday 
in  winter, 
andlOdin 

summer. 

Lord  Blayney  .       .    . 

201    2  80 

84,684 

6d. 

8  12    0 

427  18  0 

lOd  to  Iff. 
a  day. 

TABLE  shouting  a  Retttm  of  the  number  of  Acres  thoroughrdrained  by 
Proprietors,  for  the  Society's  Oold  Medal,  and  the  Average  Prices  per 
Perch  and  per  Acre  respectively. 


The  Earl  of  Erne     .    . 
Lord      Dofforln     and 

Clanhoye  . 
Meears.  Andrews     .    . 

A. 

110 

203 
117 

R.  P. 

0  87 

1  0 
1    4 

P. 

29.478 
16,614 

T 

8  12 

6  11 
5  15 

d. 
3 

9 
0 

•• 

7«t  fo  Sd. 
a  day. 

Dr.ONein  .       .       . 

115 

0  12 

•• 

•• 

2  16 

8 

•• 

for  the  Society's  Gold  Medal ;  average  of  both,  M  per 
statute  acre  nearly. 
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The  average  number  of  acres  annually  improved  in 
Ireland,  about  the  year  1860,  was  about  6530,  at  an 
average  cost  per  acre  of  £4  17«. 

In  Ireland,  thorough-drainage  is  almost  generally 
carried  out  by  loan,  under  the  Commissioners  of 
Public  Works,  and  there  is  no  branch  of  the  public 
service  which  has  given  more  satisfaction  to  owners  of 
property.  The  works  are,  we  believe,  always  executed 
within  the  estimates,  and  the  owner  having  the  expendi- 
ture in  his  own  hands,  can  satisfy  himself  of  its  proper 
application.  How  different  from  the  Arterial  Drainage, 
when  the  Board  executed  the  works  themselves,  a 
system  now  so  happily  changed !  No  loans  are  made 
unless  where  immediately,  or  prospectively,  a  return 
of  6^  per  cent,  is  estimated  on  the  expenditure,  a 
rent-charge  for  this  amount  being  made  for  22  years. 


ABTERIAL  DRAINAGE. 

The  effect  of  thorough-drainage  on  the  arterial 
channels  of  a  district,  is  to  discharge  the  rain-fall 
into  the  main  channels  in  a  shorter  time  than  before, 
particularly  during  wet  seasons.  This  frequently 
causes  floods  to  rise  higher  as  well  as  more  rapidly. 
During  dry  seasons  the  supply  is  less,  and  so  far, 
when  it  is  limited,  an  injury  is  done  to  the  adjacent 
districts  requiring  it  for  use.  The  effect  of  obstruc- 
tions in  the  main  channel  is  to  impound  the  upland 
water,  sometimes  made  available  for  water  power  or 
navigation  purposes,  but  in  general  to  the  injury  of 
the  drainage  of  adjacent  lands,  and  the  regimen  of  the 
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TABLE  shomng  Estvmates  of  the  Q^mUUie$  and  General  Cost  for  the 
Thoroicgh-Drainage  of  a  StatiUe  Acre  of  Land,  wiih  broken  Stones  or 
Tiles,  with  the  distances  apaHfor  different  class  soils. 


Description  of  land. 

section  of  parallel  drain, 

and  cost. 


Cubic  yards  per 
acre. 


Of 

clay 

exoav. 


Of 
broken 
stones. 


I 

I 
s 


I. 


Hard  subsoil  stiff  and 
sandy  clay  drains, 
from  12  to  20  feet^ 
apart,    at    M.    per 
lineal  perch. 


Freestone  bottom 
drains,  from  20  to 
80  feet  apart,  at  9d 
per  lineal  perch. 


Beds  of  grayel,  sand, 
and  rocky  stratifi- 
cation, firom  80  to 
100  feet  apart,  at 
10(2.  per  lineal 
perch. 


Feet 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
82 
33 
34 
35 
36 
37 
38 
39 
40 

Lioo 

I 


Perches 
220 
203 
188} 
176 
165 
156i 
146| 
139 
132 

1251 

120 

115 

110 

105} 

lOli 

97} 

94 

91 

88 


85 
82} 
80 
77i 

73* 

71 

69 

67 

65 

27 


Cu.yds, 
277 
265| 
237 
221 
207 
195} 
184 
175 
166S 

182} 

1741 

167 

159i 

153} 

1474 

142 

136} 

132J 

127} 

151} 
147 
1421 
188} 
134 
130} 
126} 
123 
119§ 
116} 
47 


CtL  yds. 
38-5 
35-5 
33  0 
30-8 
28-9 
27-2 
26-9 
24-3 
23  1 

29-3 
28  1 
26-9 
25-7 
24-7 
23-7 
22-9 
22  0 
21-3 
20-6 

24-7 
240 
23-2 
22-6 
21-9 
21-3 
20-6 
20  0 
19-6 
19  1 
8  0 


£  ff. 

7  6 

6  15 

6  5 

17 

10 

8 

17 

12 

8 


4  14 
4  10 
4  6 
4  2 
3  19 
3  16 
3  13 
3  10 
3  8 
6 

3  10 
3  8 
3  6 
8  4 
3  2 
3  1 
2  19 
2  17 
2  16 
2  14 
1  2 


d. 

8 

4 

8 

4 

0 

6} 

6} 

0 

0 

6 

0 

3 

6 

1} 

1} 

4 

6 

3 

0 

10 
9 
8 
8} 

?! 

2 

6 

U 

8} 

6 


No. 
3,630 
3,351 
3,111 
2,904 
2,722 
2,562 
2,420 
2,293 
2,178 

2,074 
1,971 
1,894 
1,815 
1,742 
1,675 
1,613 
1,556 
1,502 
1,452 

1,405 
1,361 
1,320 
1,280 
1,245 
1,210 
1,177 
1,146 
1,117 
1,089 
436 
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river,  particularly  in  flat  districts.  The  arterial 
drainage  in  Ireland  has  effected  a  vast  amount  of 
good,  but  up  to  1853  the  estimates  appear  to  have 
been  usually  doubled;  those  for  eleven  of  these  works 
being  £186,916,  and  the  expenditure  £293,532.  The 
average  cost  per  acre,  on  the  land  improved  by  these 
projects,  varied  from  £\  198.  8(1.  to  £10  68.,  the 
average  of  the  eleven  districts  being  £4  3«.,  which  is 
about  the  average  for  thorough-drainage.* 

The  following  table  affords  valuable  information  of 
the  cost  of  arterial  drainage  works  in  Ireland :  it  is 
extracted  from  the  Report  of  the  Commissioners  of 
Inquiry  presented  to  the  House  of  Commons,  June 
16th,  1858. 

The  abstract  of  84  arterial  drainage  awards,  made  by 
the  Commissioners  of  Public  Works  in  Ireland,  in 
1864,  gives  for  different  years,  1849  to  1864 — 


Number  of 
districts 
drained. 

Total 
combined 
catchment 
acreage  of 
districts. 

Area  of 
flooded  landA 

Avera^  cost  of 

arterial  drainage 

per  acre  improved 

by  drainage. 

12  districts 

90,382 

9,453 

3  14    2 

27       „ 

95,582 

11,579 

3  16    7 

1J>        y> 

287,466 

18,707 

4  17    8 

1«       >> 

874,427 

29,452 

3  13    4 

2       „ 

49,840 

3,276 

5    0    0 

8       » 

266,420 

21,088 

3    9    4 

84       „ 

1,114,067 

88,601 

3  17    7 

The  last  Une  gives  the  general  average,  and  shows 
that  in  these  84  districts,  about  1  acre  in  18  is  the 

♦  See  Parliamentary  Report,  by  Sir  Richard  Griffith,  Sir  W.  Cabitt, 
and  Jas.  M.  Rendel,  Jane  16th,  1868,  pp.  14,  15. 


Digitized  by  VjOOQ  IC 


'ORIFICES,    WEIRS,  PIPES,  AND  RIVERS.  899 

average  of  flooded  lands  to  the  catchment  area,  or 
8  per  cent,  nearly.  The.  original  and  revised  esti- 
mates for  these  works  were  considerably  exceeded 
in  almost  every  case>  and  the  landowners  having 
justly  resisted  any  payments  exceeding  their  original 
assents,  they  succeeded.  See  Eeport  op  the  Com- 
missioners OF  Inquirt  into  the  Works  op  Arterial 
Drainage  in  Eleven  Districts  in  Ireland,  pre- 
sented to  the  House  of  Commons,  June  16th,  1853. 


SECTION  XIV. 

WATER  AND  HORSE  POWER. — ^PRICTION   BRAKE,  OR  DYNA- 
MOMETER.— CALCULATION   OP  THE  EPPECTIVE   POWER 

OP    WATER    WHEELS. OVERSHOT,     UNDERSHOT,     AND 

BREAST  VERTICAL  WHEELS. — HORIZONTAL  WHEELS  AND 
TURBINES. — HYDRAULIC  RAM. — ^WATER  ENGINE. 

Taking  the  representative  of  a  horse's  power  at 
88,000  foot-poimds,  or  88,000  lbs.  raised  one  foot 
high  in  one  minute,  the  theoretical  horse-power  of  an 
overfall  is  expressed  by  the  fall  in  feet,  multipHed  by 
the  discharge  in  cubic  feet  per  minute,  the  product 
multiplied  by  62J  (the  weight  in  lbs.,  nearly,  of  a 
cubic  foot  of  water),  and  divided  by  88,000.  The 
following  table  (page  400)  gives  the  weight  in  air  of  a 
cubic  foot  of  pure  water  at  diflferent  temperatures, 
Fahrenheit's  thermometer. 
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WEIGHT  OF  A  CUBIC  FOOT  OF  WATER. 

The  weight  of  86  eubk/eet  of  toaier  is  one  Urn,  nearly. 


Tempe- 
rature, In 
degrees. 

Weight  of  a 
cubic  foot  of 
water.  PoimcU 
Avoirdupois. 

Tempe- 
rature, in 
degrees. 

Weight  ofa 
cubic  foot  of 
water.  Poxmds 
Avoirdupois. 

Tempe- 
rature, in 
degrees. 

Weigbtda 

cubic  foot  of 

water.  Pounds 

Avoirdupois.  1 

82 

62-875 

51 

62-365 

69 

62-ii78 

83 

62-377 

52 

62-368 

70 

02-272 

84 

62-878 

58 

62-859 

71 

62-264 

85 

62-879 

54 

62-356 

72 

62-257 

86 

62-880 

55 

62-862 

78 

62-249 

87 

62-881 

56 

62-349 

74 

62-242 

88 

62-381 

57 

62-846 

75 

62-284 

89 

62-382 

58 

62-340 

76 

62-226 

40 

62-382 

59 

62-386 

77 

62-217 

41 

62-881 

60 

62-881 

78 

62*208 

42 

62-381 

61 

62-326 

79 

62199 

48 

62-380 

62 

62-821 

80 

62-190 

44 

62-879 

68 

62-816 

81 

62-181 

45 

62-878 

64 

62-310 

82 

62-172 

46 

62-876 

65 

62-804 

83 

62-162 

47 

62-875 

ee 

62-298 

84 

62-152 

48 

62-873 

67 

62-292 

85 

62-142 

49 

62-871 

68 

62-285 

86 

62182 

60 

62-868 

87 

62-122 

16,500  foot-pounds,  or  one  half  of  the  above,  is 
much  nearer  the  average  power  of  a  horse,  working 
for  10  hours  only,  as  the  work  is  ordinarily  done 
through  the  country;  88,000  lbs.  raised  one  foot  per 
minute  is  equivalent  to  884  tons,  nearly,  raised  one  foot 
in  an  hour,  and  14*73  tons  in  a  minute.  Therefore,  a 
river  discharging  884  tons,  over  a  fall  one  foot  high  in 
an  hour,  or  884  tons,  over  a  fall  24  feet  high  in  24 
hours,  has  also  a  horse-power.  The  drainage  of  10 
square  miles,  with  an  average  collection  of  12  inches 
in  depth  of  rain  annually,  will  give  an  unceasing  one- 
horse  power  for  each  foot  of  fall  in  a  receiving 
channel ;    or  five  square  miles  will  give  the  same 
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result;  if  the  collection  amoants  to  24  inches  in  depth. 
The  collection  of  10  square  miles,  one  foot  deep,  yearly, 
is  nearly  equal  to  the  delivery  of  530  cubic  feet  per 
minute,  for  the  same  period;  or  to  one-horse  power 
theoretical,  working  day  and  night.  See  pp.  322  &  323. 

The  eflfective  power  of  a  fall  depends  on  the 
nature,  proportions,  and  construction  of  the  wheel 
or  machine,  and  also  upon  the  manner  in  which  the 
theoretical  power  is  applied.  When  the  velocity  of  a 
stream  acting  on  a  wheel  only  is  known,  the  theoretical 
head,  %,  due  to  it  is  found  in  feet  from  the  formula  h  = 
•0155  t?2,  f)  being  the  velocity  in  feet  per  second. 

In  order  to  gauge  the  quantity  of  water  applied  to  a 
wheel,  and  thereby  determine  with  accuracy  its  eflfec- 
tive power,  the  water  used  must  be  passed  through  an 
orifice,  or  over  a  notch  or  a  weir,  the  coefl&cients  for 
which  has  been  previously  ascertained  from  experi- 
ment. Greater  accuracy  can  be  obtained  from  gaug- 
ings  through  thin  plates,  or  planks  having  the  down- 
stream arrises  chamfered  ofiT,  than  with  any  other 
form  of  orifice  or  notch ;  and  when  it  can  be  eflTected, 
the  channel  above  should  be  suflSciently  enlarged  to 
prevent  the  eflfects  of  an  approaching  current.  "We 
have  already  in  the  body  of  this  work  dwelt  in  detail 
on  the  various  formula  required  for  gauging  imder 
diflferent  circumstances.  The  accuracy  of  results, 
showing  the  eflfective  powers  of  wheels,  depends  in 
the  first  place,  on  the  accuracy  of  the  gaugings  or 
estimates  of  the  quantity  of  water  used,  and  next  on 
the  fall  employed.  The  loss  of  head  in  passing 
through  the  penstock  sluice,  or  orifice,  and  until  the 
water  acts  on  the  wheel,  requires  to  be  estimated  also, 

D  D 
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and  deducted  from  the  fall  or  head,  to  find  the  effective 
fall,  and  the  effective  power  of  a  wheel. 

FRICTION   BRAKE,   OR  DYNAMOMETER. 

The  power  applied  to  a  revolving  shaft  through  a 
water  wheel  of  any  construction,  is  the  weight  of 
water  multiplied  by  the  fall.  It  is  evident  that  the 
portion  of  this  power  available  to  turn  a  shaft  and 
machinery,  or  the  effective  power,  must  depend  on 
the  construction  of  the  wheel,  as  portion  of  the  theo- 
retical power  is  lost  mechanically,  in  applying  it ;  in 

Fio.  44. 

FBICnOX  BBAKES,   OR  DVNAMOMCTE&S. 


changes  of  direction,  friction,  eddies,  and  discharging 
currents.     The  greater  the  effective  power  conveyed 
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to  a  shaft,  the  greater  becomes  the  power  of  the 
wheel,  or  medium  through  which  the  original  power  is 
transmitted.  The  mechanical  effect  produced  by  a 
revolving  shaft  is  best  measured  by  a  friction  brake, 
the  principle  of  which  is  as  follows.  In  diagram  1, 
Fig.  44,  let  the  friction  pulley  aa  be  firmly  fixed  to 
the  revolving  shaft  or  axis  of  the  wheel ;  e  and  e,  two 
wooden  clamps  grasping  the  friction  pulley  by  means 
of  the  screw  bolts,  delineated,  which  can  be  tightened 
on  the  axis,  and  also  to  the  arm  f,  by  means  of 
suitable  nuts.  The  more  tightly  the  bolts  are 
screwed,  the  greater  will  be  the  friction  between  the 
friction  pulley  aa,  and  the  clamping  pieces  ee.  If, 
while  the  axis  and  friction  pulley  aa,  are  revolving 
in  the  direction  indicated  by  the  arrow,  a  weight  be 
applied  in  the  scale  at  i,  so  that  the  arm  f  shall  not  be 
carried  round,  but  remain  fixed ;  it  is  clear  that  the 
work  done  by  the  revolving  shaft  in  one  revolution, 
will  be  measured  by  the  circumference  of  the  friction 
pulley,  multiplied  by  the  friction  due  to  the  pressure 
on  it,  or  by  its  equivalent,  the  weight  in  the  scale  i, 
multiplied  by  the  circumference  of  a  circle  whose  radius 
is  L,  or  by  2  L  X  3'14159  X  z(?,  in  which  expression  w 
is  the  weight  in  lbs.  in  the  scale  i.  If  n  be  the  number 
of  revolutions  in  a  given  time,  say  one  minute,  we  shall 
therefore  have  the  useful  effect  of  the  wheel  on  the  shaft 
in  foot-pounds  per  minute,  equal  to 

2  L  X  3-141o9  X  M?  X  7?. 
We  have  also  the  power  of  the  water  acting  on  the 
wheel,  equal  to 

A  X  D  X  62-87, 

in  which  h  is  the  head  and  d  the  discharge  iq  cubic 

D  D  2 
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feet  per  minute ;  therefore  we  shall  have  for  the  ratio 
of  the  eflfect  to  the  power  the  expression 

2  L  X  3-14159  X  w  X  n  _      l  tr  n 
A  X  D  X  62~37  ""  9-926  d  W 

If  the  revolving  shaft  be  horizontal,  the  weight  of 
the  arm  f,  acting  at  its  centre  of  gravity  and  reduced 
to  the  length  l,  where  the  weight  w  is  suspended,  will 
have  to  be  included  in  the  weight  w.  If  the  weight  w 
be  suspended  at  the  end  of  a  connection  of  levers,  or 
other  mechanical  powers,  the  length  l  will  have  to  be 
determined  accordingly.  Diagram  2,  Fig.  44,  shows 
the  Armstrong  brake ;  Diagram  8,  the  common  form ; 
and  Diagram  4,  Egen's  brake. 

Fig.  45,  is  a  general  representation  of  the  brake 
used  by  Francis,  in  the  Lowell  experiments.  The 
length  of  the  arm  of  the  brake  l,  was  9'746  feet ;  the 
length  of  the  vertical  arm  I  of  the  bell  crank  4'5  feet ; 
and  the  length  of  the  horizontal  arm  V  5,  feet.  The 
following  detailed  description  is  by  Francis: — 

"  The  Friction  Pulley  a  is  of  cast-iron,  6'6  feet  in 
diameter,  two  feet  wide  on  the  face,  and  three  inches 
thick.  It  is  attached  to  the  vertical  shaft  by  the 
spider  b,  the  hub  of  which  occupies  the  place  on  the 
shaft  intended  for  the  bevel  gear. 

*'  The  friction  pulley  has,  cast  on  its  interior  cir- 
cumference, six  lugs,  c  c,  corresponding  to  the  six 
arms  of  the  spider.  The  bolt  holes  in  the  ends  of  the 
arms  are  slightly  elongated  in  the  direction  of  the 
radius,  for  the  purpose  of  allowing  the  friction  pulley 
to  expand  a  little  as  it  becomes  heated,  without 
throwing  much  strain  upon  the  spider.  When  the 
spider  and  friction  pulley  are  at  the  same  temperature^ 
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the  ends  of  the  arms  are  in  contact  with  the  friction 
Fig.  45. 

DTKAMOICETBR  FOR  DETERIOHINO  THE  USETUL  EFTECrr  OW  THE  TBBlfONT 
TURBINE. 


pulley.     The  friction  pulley  was  made  of  great  thick- 
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ness  for  two  reasons.  When  the  pulley  is  heated,  the 
arms  cease  to  be  in  contact  with  the  interior  circum- 
ference of  the  pulley,  consequently  they  would  not 
prevent  the  pressure  of  the  brake  from  altering  the 
form  of  the  pulley.  This  renders  great  stiffiiess  neces- 
sary' in  the  pulley  itself.  Again,  it  is  found  that  a 
heavy  friction  pulley  insures  more  regularity  in  the 
motion,  operating,  in  fact,  as  a  fly-wheel,  in  equalizing 
small  irregularities. 

"  The  brakes  e  and  p  are  of  maple  wood ;  the  two 
parts  are  drawn  together  by  the  wrought-iron  bolts  g  g, 
which  are  two  inches  square. 

"  The  hell  crank  p',  carries  at  one  end  the  scale  i, 
and  at  the  other  the  piston  of  the  hydraulic  regu- 
lator k;  this  end  carries  also  the  pointer  l,  which 
indicates  the  level  of  the  horizontal  arm.  The  vertical 
arm  is  connected  with  the  brake  f,  by  the  link  m. 

"  The  hydraliuc  regulator  k,  shown  in  the  figures,  is 
a  very  important  addition  to  the  Prony  dynamometer, 
first  suggested  to  the  author  by  Mr.  Boyden,  in  1844. 
Its  office  is  to  control  and  modify  the  violent  shocks 
and  irregularities,  which  usually  occur  in  the  action  of 
this  valuable  instrument,  and  are  the  cause  of  some 
uncertainty  in  its  indications. 

"  The  hydraulic  regulator  used  in  these  experiments, 
consisted  of  a  ca^t-iron  cylinder  k,  about  1'5  feet  in 
diameter,  with  a  bottom  of  plank,  which  was  strongly 
bolted  to  the  capping  stone  of  the  wheel  pit,  as  repre- 
sented in  figure  1.  In  this  cylinder,  moves  the  piston 
N,  formed  of  plate-iron  0*5  inches  thick,  which  is  con- 
nected with  the  horizontal  arm  of  the  bell  crank  by  the 
jpiston  rod  o.     The   circumference   of  the   piston  is 
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rounded  off,  and  its  diameter  is  about  y*^  inch  less  than 
the  diameter  of  the  interior  of  the  cylinder.  The  ac- 
tion of  the  hydraulic  regulator  is  as  follows.  The 
cylinder  should  be  nearly  filled  with  water,  or  other 
heavy  inelastic  fluid.  In  case  of  any  irregularity  in 
the  force  of  the  wheel,  or  in  the  friction  of  the  brake, 
the  tendency  will  be,  either  to  raise  or  lower  the  weight, 
in  either  case  the  weight  cannot  move,  except  with  a 
corresponding  movement  of  the  piston.  In  consequence 
of  the  inelasticity  of  the  fluid,  the  piston  can  move  only 
by  the  displacement  of  a  portion  of  the  fluid,  which 
must  evidently  pass  between  the  edge  of  the  piston  and 
the  cylinder;  and  the  area  of  this  space  being  very 
small,  compared  to  the  area  of  the  piston,  the  motion 
of  the  latter  must  be  slow,  giving  time  to  alter  the  ten- 
sion of  the  brake  screws  before  the  piston  has  moved 
far.  It  is  plain  that  this  arrangement  must  arrest  all 
violent  shocks,  but,  however  violent  and  irregular  they 
may  be,  it  is  evident,  that,  if  the  mean  force  of  them 
is  greater  in  one  direction  than  in  the  other,  the  piston 
must  move  in  the  direction  of  the  preponderating  force, 
the  resistance  to  a  slow  movement  being  very  slight. 
A  small  portion  of  the  useful  effect  of  the  turbine  must 
be  expended  in  this  instrument,  probably  less,  however, 
than  in  the  rude  shocks  the  brake  would  be  subject  to 
without  its  use. 

"  For  the  purpose  of  ascertaining  the  velocity  of  the 
wheel,  a  counter  was  attached  to  the  top  of  the  vertical 
shaft,  so  arranged,  that  a  bell  was  struck  at  the  end  of 
every  fifty  revolutions  of  the  wheel. 

*^  To  lubricate  the  friction  pulley,  and  at  the  same 
time  to  keep  it  cool,  water  was  let  on  to  its  surface  in 
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four  jets,  two  of  which  are  shown.  These  jets  were 
supplied  from  a  large  cistern,  in  the  attic  of  the  neigh- 
bouring cotton  mill,  kept  full,  during  the  working  hours 
of  the  mill,  by  force  pumps.  The  quantity  of  water 
discharged  by  the  four  jets  was,  by  a  mean  of  two  trials, 
0*0288  cubic  foot  per  second. 

*'In  many  of  the  experiments  with  heavy  weights, 
and  consequently  slow  velocities,  oil  was  used  to  lu- 
bricate the  brake,  the  water,  during  the  experiment, 
being  shut  off.  It  is  found,  that,  with  a  small  quantity 
of  oil,  the  friction  between  the  brake  and  the  pulley  is 
much  greater  than  when  the  usual  quantity  of  water  is 
applied;  consequently,  the  requisite  tension  of  the 
brake  screws  is  much  less  with  the  oil,  as  a  lubricator, 
than  with  water.  This  may  not  be  the  whole  cause  of 
the  phenomenon,  but,  whatever  it  may  be,  the  ease  of 
regulating  in  slow  velocities  is  incomparably  greater 
with  oil  as  a  lubricator,  than  with  water  applied  in  a 
quantity  sufficient  to  keep  the  pulley  cool.  The  oil 
was  allowed  to  flow  on  in  two  fine  continuous  streams ; 
it  did  not,  however,  prevent  the  pulley  from  becoming 
heated  sufficiently  to  decompose  the  oil,  after  running 
some  time,  which  was  distinctly  indicated  by  the  smoke 
and  peculiar  odour.  When  these  indications  became 
very  apparent,  the  experiment  was  stopped,  and  water 
let  on  by  the  jets,  until  the  pulley  was  cooled.  As  the 
pulley  became  heated,  the  brake  screws  required  to  be 
gradually  slackened.  Water,  linseed  oil,  and  resin  oil, 
were  each  used  for  lubrication." 

Fig.  46  is  a  representation  of  a  brake  used  by  Pro- 
fessor Thomson,  at  Crawford  and  Lindsay's  mill,  to 
determine  the  power  of  a  turbine  put  up  there,  by  Mr. 
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Qardner,  of  Armagh.  One  of  the  common  causes  of 
the  swinging  or  vibratory  jmnps  of  the  arms  f,  in  Figs. 
44,  45,  and  46  is,  that  very  often  the  friction  pulley,  or 
drum  A,  A,  must  be  made  in  two  parts,  so  as  to  be  fixed 


Fio.  46. 

FBICrnON  BRllUB,  USED  AT  ORAWTORD  AlH)  LIITDBAT'S  WLL,  BT  PROFESSOR 
JAMES  TMOMSON,  TO  XWTKRMINB  THB  POWBB  OW  THE  TURBINE. 


4=^11^^" 


Length  of  the  brake,  l»  Fig.  45,  adjusted  .        .     9*745  feet. 
Effective  length  of  vertical  ann  2  .        .        .     .     4*5       ,, 
Effective  length  of  horizontal  arm  t  ,        .        .     5'0       „ 
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to  its  place  on  the  shaft.  This  fixing  is  liable  to  give 
an  oval  shape,  and  causes  an  irregular  action  with  the 
clamps  E,  E.  Oil  gives  greater  regularity  of  motion 
than  water,  but  without  the  use  of  the  latter  abundantly, 
the  friction  pulley  would  usually  get  too  much  heated. 
The  following  calculations  from  practical  operations 
will  point  out  pretty  clearly  the  use  of  the  brake,  and 
the  manner  of  determining  the  useful  effect  in  the  tables 
of  experiments,  by  Francis  and  Thomson,  pp.  383  and 
392:— 
The    eflfective    length    of   the    brake  was    therefore 

^'^^^,^  ^  =  2  X  10-827778  feet;  and  the  circumfer- 
4*5 

ence  of  a  circle  of  this  radius  =  10-827778  X  8-14169 
=  68-0829  feet. 

In  the  first  experiment  on  the  Tremont  turbine,  page 
429,  the  number  of  revolutions  of  the  wheel  per  second 
was  -89874,  and  the  weight  in  the  scale  1443-34  lbs. 
The  useful  effect  of  the  brake  was  therefore  in  foot- 
pounds per  second  68-0329  X  -89374  X  1443-34  = 
87680-3  lbs.  raised  one  foot  per  second.  The  quantity 
of  water  which  passed  the  gauge-weir  in  cubic  feet  per 
second  was  139*4206,  and  the  total  fall  acting  on  the 
wheel  12-864  feet ;  therefore,  the  total  power  of  the 
water  acting  on  the  wheel  was  12-864  X  139-4206  X 
62-375  =  111870  feet-pounds  per  second,  62-375  being 
taken  as  the  weight  in  lbs.  of  a  cubic  foot  of  water  at 
32°  Fahrenheit.  The  ratio  of  the  useful  effect,  at  the 
given  velocity  of  the  wheel  (viz.  450  revolutions  in  503-6 

seconds),  to  the  power  expended,  is  therefore  - 

=  -784,  or  about  78^  per  cent.     The  effect  in  the  ex- 
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periments  generally  appears  to  have  been  a  maximum, 
when  the  velocity  of  the  interior  circumference  of  the 
wheel  was  about  66  per  cent,  of  the  velocity  due  to  the 
fall ;  and  this  was  about  half  of  the  maximum  velocity, 
which  was  1'388  times  that  due  to  the  fall  alone,  when 
the  turbine  was  doing  no  work. 

In  Thomson's  brake  for  determining  the  useful  eflfect 
of  the  vortex  turbine,  erected  from  his  designs  at  Bally- 
sillan,  Ireland,  l  =  4  ft.  2  in.,  and  the  circumference 
of  a  circle  that  would  be  described  by  the  arm  8*14159 
X  8  feet  4  inches  =  26*18  feet.  In  the  first  experi- 
ment, taken  from  the  tabulated  results,  page  419,  we 
get  26*18,  the  circumference  multiplied  by  46*31,  the 
weight  in  lbs.,  and  the  product  by  823*3,  the  niunber 
of  revolutions  per  minute,  equal  to  891,967  foot-pounds, 
for  the  eflfect  transmitted  from  the  turbine  or  work 
done.  We  have  also  364*4,  the  number  of  cubic  feet 
of  water  passed  to  the  wheel  per  minute,  multiplied  by 
62*37,  the  weight  of  a  cubic  foot  of  water  in  lbs.,  mul- 
tiplied by  23*73  feet,  the  available  fall,  equal  to  524,526 

foot-pounds :  therefore  ^- .*  .^  =  '747  is  the  useftJ 
524,52o 

eflfect,  that  in  the  table  being  '7481,  which  probably 
arose  from  taking  a  different  weight  per  cubic  foot  for 
the  water.  Of  course  the  difference  is  immaterial. 
The  dnun  attached  to  the  vortex  wheel  shaft  for  fixing 
the  brake  to,  was  in  two  parts,  bolted  together,  and 
firmly  enclosing  the  shaft.  It  was  of  cast-iron,  20 
inches  diameter,  and  8  inches  wide ;  the  shaft  to^hich 
it  was  attached  was  2f  inches  diameter.  The  arm  of 
the  brake  was  6'*4"  x  6"  X  4''J,  of  timber,  and  ex- 
tending 1  foot  2  inches  beyond  the  centre  of  the  shaft 
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and  drum.  The  clamping  pieces  were  about  2  feet  5 
inches  long  externally. 

For  overshot  wheels  the  ratio  of  the  power  to 
the  effect  may  be  taken  as  8  to  2,  and  therefore  the 
effective  horse-power, — ^taking  83,000  foot-pounds  per 
minute,  or  530  cubic  feet  falling  one  foot,  as  a  standard, 
— ^will  be  49,500  lbs.  of  water,  or  795  cubic  feet,  falling 
one  foot  in  one  minute.  The  maximum  effect  varies 
with  the  construction  of  the  wheel.  Smeaton  found  it 
•76  times  the  theoretical  power;  Weisbach  '78  times 
for  the  wheel  of  a  Stamp  Mill  at  Frieberg,  which  was 
23  feet  high,  3  feet  wide,  carrying  48  buckets.*  To 
find  the  effective  horse-power,  the  theoretical  horse- 
power must  be  here  divided  by  the  coefficient  of  effect 
•76  or  '78,  which  will  give  43,600  foot-pounds,  or 
48,300  foot-poimds  per  minute.  The  following  experi- 
mental results  from  a  model  wheel  are  by  Smeaton. 

In  this  table  the  effective  power  of  the  water  must 
be  reckoned  upon  the  whole  descent,  because  it  must 
be  raised  that  height,  in  order  to  be  in  a  condition  of 
producing  the  same  effect  a  second  time. 

The  ratios  between  the  powers  so  estimated,  and  the 
effects  at  the  maximum,  deduced  from  the  several  sets 
of  experiments,  are  exhibited  at  one  view,  in  column 
9,  of  Table  11. ;  and  from  hence  it  appears,  that  those 
ratios  differ  from  that  of  10  to  7*6  to  that  of  10  to  5*2, 
that  is,  nearly  from  4  to  8  to  4  to  2.  In  those  experi- 
ments where  the  heads  of  water  and  quantities  expended 

*  Some  valoable  experiments  on  the  power  of  water  wheels  are  given 
by  Rennie,  in  Weale's  Quarterly  Papers  on  Ilngineering,  yoL  vi.  They 
however  require  reduction.  An  effect  of  *75  requires  a  flow  of  707  cubic 
feet  per  minute,  with  a  fall  of  one  foot,  for  a  horse  power. 
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—  least,  the  proportion  is  nearly  as  4  to  3,  but  where 
the  heads  and  quantities  are  greatest,  it  approaches 
nearer  to  that  of  4  to  2 ;  and  by  a  medium  of  the  whole, 

TABLE  containing  the  RemU  of  Sixteen  Experiments,  on  a  Model 
Overshot  Wheel,  by  SmecUon, 
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the  ratio  is  that  of  8  to  2,  nearly.  We  have  seen  before, 
in  our  observations  upon  the  effects  of  undershot 
wheels,  that  the  general  ratio  of  the  power  to  the  effect, 
when  greatest,  was  8  to  1 ;  the  effect,  therefore,  of  over- 
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shot  wheels,  under  the  same  circumstances  of  quantity 
and /ally  is  at  a  medium  double  to  that  of  the  undershot ; 
and,  as  a  consequence  thereof,  that  non-elastic  bodies, 
when  acting  by  their  impulse  or  collision,  communicate 
only  a  part  of  their  original  power ;  the  other  part  being 
spent  in  changing  their  figure,  in  consequence  of  the 
stroke. 

The  powers  of  water,  computed  fi:om  the  height  of 
the  wheel  only,  compared  with  the  effects  as  in  column 
10,  appear  to  observe  a  more  constant  ratio  :  for,  if  we 
take  the  medium  of  each  class,  which  is  set  down  in 
column  11,  we  shall  find  the  extremes  to  differ  no 
more  than  from  the  ratio  of  10  to  8*1  to  that  of  10  to 
8'5  ;  and  as  the  second  term  of  the  ratio  gradually  in- 
creases from  8*1  to  8'5,  by  an  increase  of  head  from  3 
inches  to  11,  the  excess  of  8'5  above  8*1  is  to  be  im- 
puted to  the  greater  impulse  of  the  water  at  the  head 
of  11  inches,  above  that  of  3  inches :  so  that  if  we 
reduce  8'1  to  8,  on  account  of  the  impulse  of  the  3-inch 
head,  we  shall  have  the  ratio  of  the  power,  computed 
upon  the  height  of  the  wheel  only,  to  the  effect  ai  a  maxi- 
mum, as  10  to  8  or  as  5  to  4,  nearly ;  and  from  the 
equality  of  the  ratio  between  power  and  effect  subsist- 
ing, where  the  constructions  are  similar,  we  must  infer, 
that  the  effects,  as  well  as  the  powers,  are  respectively  as 
the  quantities  of  water  and  perpendicular  heights,  mul- 
tiplied together. 

For  breast  wheels,  the  ratio  of  the  theoretical 
power  to  the  effective  power  must  vary  considerably, 
the  mean  value  being  about  '5  and,  therefore,  the 
effective  horse-power  would  be  66,000  foot-pounds,  or 
1,060  cubic  feet  falling  1  foot  in  one  minute.    Morin 
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gives  an  efficiency  of  from  '52  to  '7.  Egen,  with  a 
wheel  23  feet  in  diameter,  4J  feet  wide,  having  69 
ventilated  buckets,  very  well  constructed,  found  at  best 
an  efficiency  of  only  •52,  under  ordinary  circumstances 

TABLE  containing  the  RemU  of  Ttoenty'Seven  ExpervnuTUs,  on  a  Model 
Undershot  Wheel,  hy  Smeaion. 
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•48,  the  mean  amount  being  '6.    Very  wide  wheels 
give  a  larger  eflFect,  sometimes  as  high  as  '7 ;  but  a 
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great  deal  depends  on  the  manner  of  bringing  on  the 
water  and  the  construction  of  die  wheel  and  backets. 

Poncelet's  wheel  is  seldom  if  at  all  used  in  tiiese 
countries.  The  effective  power  is  '5,  or  1,060  cubic 
feet  of  water  falling  one  foot  for  the  standard  horse- 
power. 

For  undershot  wheels  the  mean  effect  may  be 
taken  at  one-third,  or  '88,  or  100,000  foot-pounds,  or 
1,590  cubic  feet  falling  one  foot  in  one  minute,  for  an 
effective  horse's  power;  a  maximum  effect  of  *5  is 
sometimes  approached,  and  a  minimum  of  *26  or  less. 
The  following  results,  obtained  from  a  model,  are 
given  by  Smeaton.  The  mrtual  or  effective  head  is 
here  termed  die  theoretical  head  due  to  the  velocity  of 
the  wheel,  at  the  circumference,  which  was  75  inches 
girth. 

Smeaton  derived  the  following  "  maxims  "  from  the 
foregoing  experiments.  Their  truth,  independent  of 
any  experiment,  will  be  apparent : — 

/. — That  the  virtual  or  eJfeeUve  head  being  the  same,  ihe  effect  vnU  he 

nearly  as  the  quantity  of  footer  expended, 
IL—That  the  expense  of  water  being  the  same,  the  effect  will  be  nearly 

as  the  height  of  the  virtual  or  effective  head, 
III, — ThcU  the  quantity  of  vxUer  expended  being  the  same,  the  effect 

is  nearly  <u  the  square  of  the  velocity, 
IV,^The  aperture  being  the  same,  the  effect  vnll  be  nearly  as  the  cube 

of  the  velocity  of  the  water. 

For  turbines  or  horizontal  wheels,  a  useful 
effect  of  two-thirds  or  *67  may  be  assumed,  or  49,600 
foot-poimds  in  a  minute  for  a  horse-power,  and  the 
efl&ciency  varies  from  '5  to  '8,  or  less.*    Poncelet's 

*  In  our  first  edition  we  gave  an  efficiency  of  *821,  on  the  aathority 
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turbine  gives  an  efficiency  of  '5  to  '6.  Floating  wheels 
*38,  impact  wheels  from  *16  to  '4,  and  Barker  s  mill 
from  '16  to  '85.  We  believe  that  the  efficiency  of  the 
turbine  has  been  too  often  over-estimated,  and  diat 
the  great  advantage  of  this  wheel,  as  a  medium  of 
power,  is  derived  from  its  capability  of  employment  for 
all  falls,  whether  large  or  small,  without  any  consider- 
able loss  of  effect.  In  Ireland,  Mr.  Gardner,  of  Ar- 
magh, was  amongst  the  first,  if  not  the  first,  to  apply 
this  wheel  to  practical  purposes ;  and  Professor  Thom- 
son has,  in  his  vortex  wheels,  produced,  we  believe,  the 
highest  efficiencies  which  have  yet  been  obtained  in 
practice.  In  the  experiments  on  the  Ballysillan  wheel 
higher  efficiencies  would  probably  have  been  attained 
widi  a  supply  pipe  of  larger  diameter.  It  will  be  seen 
from  the  remarks,  at  pp.  164  to  167,  and  the  tables, 
at  pp.  146  and  199,  that  quite  apart  from  bends,  &c., 
a  loss  of  mechanical  power  always  results  from  the 
passage  through  orifices  and  pipes;  and  that  it  is 
necessary  to  take  this  loss  into  account,  before  the  head 
acting  on  the  wheel  can  be  accurately  used  to  determine 
its  effective  power.  The  table,  p.  419,  contains  the 
experiments  on  the  BallysiUan  turbine. 

The  following  remarks  on  the  vortex  turbine,  read 
at  the  meeting  of  the  British  Association  at  Belfast, 
in  1852,  are  also  by  Professor  Thomson : — 

of  a  paper  by  Dr.  Bobinson,  Armagh,  in  the  Proceedings  of  the  Boyal 
Irish  Academy,  toL  iv.,  p.  214.  On  again  glancing  over  this  paper, 
we  believe  there  are  mistakes,  which  vitiate  the  results  there  given ; 
first,  in  the  formnla  for  calculating;  the  discharge  over  the  weir,  and 
next,  in  the  formnla  for  finding  the  effect  of  the  brake.  Francis  gives 
an  efficiency  of  *88,  p.  8,  in  his  book. 
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"  Numberless  are  Ae  varieties,  both  of  principle  and 
of  construction,  in  the  mechanisms  by  which  motive 
power  may  be  obtained  from  falls  of  water.  The  chief 
modes  of  action  of  the  water  are,  however,  reducible  to 
three,  as  follows : — First,  the  water  may  act  directly 
by  its  weight  on  a  part  of  the  mechanism  which  descends 
while  loaded  with  water,  and  ascends  while  free  from 
load.  The  most  prominent  example  of  the  application 
of  this  mode  is  afforded  by  the  ordinary  bucket  water 
wheel.  Secondly,  the  water  may  act  by  fluid  pressure, 
and  drive  before  it  some  yielding  part  of  a  vessel  by 
which  it  is  confined.  This  is  the  mode  in  which  the 
water  acts  in  the  water  pressure  engine,  analogous  to 
the  ordinary  high-pressure  steam-engine.  Thirdly, 
the  water,  having  been  brought  to  its  place  of  action 
subject  to  the  pressure  due  to  the  height  of  fall,  may 
be  allowed  to  issue  through  small  orifices  with  a  high 
velocity,  its  inertia  being  one  of  the  forces  essentially 
involved  in  the  communication  of  the  power  to  the 
moving  part  of  the  mechanism.  Throughout  the 
general  class  of  water  wheels  called  turbines,  which  is 
of  wide  extent,  the  water  acts  according  to  some  of  the 
variations  of  which  this  third  mode  is  susceptible.  In 
our  own  country,  and  more  especially  on  the  Conti- 
nent, turbines  have  attracted  much  attention,  and 
many  forms  of  them  have  been  made  known  by  pub- 
lished descriptions.  The  subject  of  the  present  com- 
munication is  a  new  water  wheel,  which  belongs  to  the 
same  general  class,  and  which  has  recently  been  in- 
vented and  brought  successfully  into  use  by  the  author. 

"  In  this  machine  the  moving  wheel  is  placed  within 
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a  chamber  of  a  nearly  circular  form.  The  water  is 
injected  into  the  chamber  tangentially  at  the  circum- 
ference, and  thus  it  receives  a  rapid  motion  of  rota- 
tion. Betaining  this  motion  it  passes  onwards  towards 
the  centre,  where  alone  it  is  free  to  make  its  exit. 
The  wheel,  which  is  placed  within  the  chamber,  and 
which  almost  entirely  fills  it,  is  divided  by  thin 
partitions  into  a  great  number  of  radiating  passages. 
Through  these  passages  the  water  must  flow  on  its 
course  towards  the  centre  ;  and  in  doing  so  it  imparts 
its  own  rotatory  motion  to  the  wheel.  The  whirlpool 
of  water  acting  within  the  wheel  chamber,  being  one 
principal  feature  of  this  turbine,  leads  to  the  name 
Vortex  as  a  suitable  designation  for  the  machine  as  a 
whole. 

*'  The  vortex  admits  of  several  modes  of  construc- 
tion, but  the  two  principal  forms  are  the  one  adapted 
for  high  falls  and  the  one  for  low  falls.  The  former 
may  be  called  the  High-pressure  Vortex,  and  the 
latter  the  Low-pressure  Vortex.  Examples  of  these 
two  kinds  are  in  operation  at  two  mills  near  Belfast. 

"  The  height  of  the  fall  for  the  first  vortex  is  about 
87  feet,  and  the  standard  or  medium  quantity  of  water, 
for  which  the  dimensions  of  the  various  parts  of  the 
wheel  and  case  are  calculated,  is  540  cubic  feet  per 
minute.  With  this  fall  and  water-supply  the  esti- 
mated power  is  28  horse-power,  the  efficiency  being 
taken  at  75  per  cent.  The  proper  speed  of  the  wheel, 
calculated  in  accordance  with  its  diameter  and  the 
velocity  of  the  water  entering  its  chamber,  is  855 
revolutions  per  minute.     The  diameter  of  the  wheel 
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is  22f  inches,  and  the  extreme  diameter  of  the  case 
is  4  feet  8  inches. 

"  In  the  second  vortex,  the  fall  being  taken  at  7 
feet,  the  calculated  quantity  of  water  admitted,  at 
the  standard  opening  of  the  guide-blades,  is  2,460 
cubic  feet  per  minute.  Then,  Ae  efficiency  of  the 
wheel  being  taken  at  75  per  cent.,  its  power  will 
be  24  horse-power.  Also,  the  speed  at  which  the 
wheel  is  calculated  to  revolve  is  48  revolutions  per 
minute. 

*'  The  two  examples  which  have  now  been  described 
of  vortex  water  wheels,  adapted  for  very  distinct 
circumstances,  will  serve  to  indicate  the  principal 
features  in  the  structural  arrangements  of  these  new 
machines  in  general.  Respecting  their  principles  of 
action  some  further  explanations  will  next  be  given. 
In  these  machines  the  velocity  of  the  circumference 
is  made  the  same  as  the  velocity  of  the  entering 
water,  and  thus  there  is  no  impact  between  the  water 
and  the  wheel ;  but,  on  the  contrary,  the  water  enters 
the  radiating  conduits  of  the  wheel  gently,  that  is 
to  say,  with  scarcely  any  motion  in  relation  to  their 
mouths.  In  order  to  attain  the  equalization  of  these 
velocities,  it  is  necessary  that  the  circumference  of  the 
wheel  should  move  with  the  velocity  which  a  heavy  body 
would  attain,  in  falling  through  a  vertical  space  equal 
to  half  the  vertical  fall  of  the  water,  or  in  other  words, 
with  the  velocity  due  to  half  the  fall ;  and  that  the 
orifices  through  which  the  water  is  injected  into  the 
wheel-chamber  should  be  conjointly  of  such  area  that 
when  all  the  water  required  is  flowing  through  them» 
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it  also  may  have  a  velocity  due  to  half  the  fall.  Thus 
one-half  only  of  the  fall  is  employed  in  producing 
velocity  in  the  water ;  and,  therefore,  the  other  half 
still  remains  acting  on  the  water  within  the  wheel- 
chamber  at  the  circumference  of  the  wheel,  in  the 
condition  of  fluid  pressure.  Now,  with  the  velocity 
already  assigned  to  the  wheel,  it  is  found  that  this 
fluid  pressure  is  exactly  that  which  is  requisite  to 
overcome  the  centrifugal  force  of  the  water  in  the 
wheel,  and  to  bring  the  water  to  a  state  of  rest  at 
its  exit ;  the  mechanical  work  due  to  both  halves  of 
the  fall  being  transferred  to  the  wheel  during  the 
combined  action  of  the  moving  water  and  the  moving 
wheel.  In  the  foregoing  statements,  the  effects  of 
fluid  friction,  and  of  some  other  modifying  influences, 
are,  for  simplicity,  left  out  of  consideration ;  but  in 
the  practical  application  of  the  principle,  the  skill 
and  judgment  of  the  designer  must  be  exercised  in 
taking  all  such  elements,  as  far  as  possible,  into 
accoimt.  To  aid  in  this,  some  practical  rules,  to 
which  the  author  as  yet  closely  adheres,  were  made 
out  by  him  previously  to  the  date  of  his  patent. 
These  are  to  be  found  in  the  specification  of  the 
patent,  published  in  the  Mechanics'  Magazine  for 
January  18  and  January  25,  1851  (London). 

"  In  respect  to  the  numerous  modifications  of  con- 
struction and  arrangement  which  are  admissible  in 
the  vortex,  while  the  leading  principles  of  action  are 
retained,  it  may  be  sufficient  here  merely  to  advert, — 
first,  to  the  use  of  straight  instead  of  curved  radiating 
passages  in  the  wheel ;  secondly,  to  the  employment. 
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for  simplicity,  of  invariable  entrance  orifices,  or  of 
fixed  instead  of  moveable  guide-blades ;  and  lastly,  to 
the  placing  of  the  wheel  at  any  height,  less  than  about 
thirty  feet,  above  the  water  in  the  tail-race,  combined 
with  the  employment  of  suction  pipes  descending 
from  the  central  discharge  orifices,  and  terminating  in 
the  water  of  the  tail-race,  so  as  to  render  available  the 
part  of  the  feU  below  the  wheel, 

*'  In  relation  to  the  action  of  turbines  in  general, 
the  chief  and  most  commonly  recognized  conditions, 
of  which  the  accomplishment  is  to  be  aimed  at,  are 
that  the  water  should  flow  through  the  whole  machine 
with  the  least  possible  resistance,  and  that  it  should 
enter  the  moving  wheel  without  shock,  and  be  dis- 
charged from  it  with  only  a  very  inconsiderable  velo- 
city. The  vortex  is  in  a  remarkable  degree  adapted 
for  the  fulfilment  of  these  conditions.  The  water 
moving  centripetally  (instead  of  centrifugally,  which 
is  more  usual  in  turbines),  enters  at  the  period  of 
its  greatest  velocity  (that  is,  just  after  passing  the 
injection  orifices)  into  the  most  rapidly  moving  part  of 
the  wheel,  the  circumference ;  and,  at  the  period  when 
it  ought  to  be  as  far  as  possible  deprived  of  velo- 
city, it  passes  away  by  the  central  part  of  the  wheel, 
the  part  which  has  the  least  motion.  Thus,  in  each 
case,  that  of  the  entrance  and  that  of  the  discharge^ 
there  is  an  accordance  between  the  velocities  of  the 
moving  mechanism  and  the  proper  velocities  of  the 
water. 

"  The  principle  of  injection  firom  without  inwards, 
adopted    in    die  vortex,   affords    another  important 


Digitized  by  VjOOQ  IC 


424  THB  DISCHABQS  OP  WATER  FROM 

advantage  in  comparison  with  turbines  having  the  con- 
trary motion  of  the  water ;  as  it  allows  ample  room, 
in  the  space  outside  of  the  wheel,  for  large  and  well- 
formed  injection  channels,  in  which  the  water  can  be 
made  very  gradually  and  regularly  to  converge  to 
the  most  contracted  parts,  where  it  is  to  have  its 
greatest  velocity.  It  is  as  a  concomitant  also  of  die 
same  principle,  that  the  very  simple  and  advantage- 
ous mode  of  regulating  the  power  of  the  wheel,  by 
the  moveable  guide-blades  already  described,  can  be 
introduced.  This  mode,  it  is  to  be  observed,  while 
giving  great  variation  to  the  areas  of  the  entrance 
orifices,  retains  at  aU  times  very  suitable  forms  for 
the  converging  water  channels. 

"Another  adaptation  in  the  vortex  is  to  be  re- 
marked as  being  highly  beneficial,  that,  namely, 
according  to  which,  by  the  balancing  of  Ae  contrary 
fluid  pressures  duetto  half  the  head  of  water  and  to 
the  centrifugal  force  of  the  water  in  the  wheel,  com- 
bined with  the  pressure  due  to  the  ejection  of  the 
water  backwards  from  the  inner  ends  of  the  vanes 
of  the  wheel  when  they  are  curved,  only  one-half  of 
the  work  due  to  the  fSedl  is  spent  in  communicating 
vis  viva  to  the  water,  to  be  afterwards  taken  from  it 
during  its  passage  through  the  wheel ;  the  remainder 
of  the  work  being  communicated  through  the  fluid 
pressure  to  the  wheel,  without  any  intermediate 
generation  of  vis  viva.  Thus  the  velocity  of  Ae 
water,  where  it  moves  fastest  in  the  machine,  is  kept 
comparatively  low;  not  exceeding  that  due  to  half 
the  height  of  the  fall,  while  in  other  turbines  the 
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water  usually  requires  to  act  at  much  higher  velocities. 
In  many  of  them  it  attains  at  two  successive  times  the 
velocity  due  to  the  whole  fall.  The  much  smaller 
amount  of  action,  or  agitation,  with  which  the  water 
in  the  vortex  performs  its  work,  causes  a  material 
saving  of  power  by  diminishing  the  loss  necessarily 
occasioned  by  fluid  friction. 

"  In  the  vortex,  further,  a  v^ry  favourable  influence 
on  the  regularity  of  the  motion  proceeds  from  the 
centrifugal  force  of  the  water,  which,  on  any  increase 
of  the  velocity  of  the  wheel,  increases,  and  so  checks 
the  water  supply;  and  on  any  diminution  of  the 
velocity  of  the  wheel,  diminishes,  and  so  admits  the 
water  more  freely;  thus  counteracting,  in  a  great 
degree,  the  irregularities  of  speed  arising  from  varia- 
tions in  the  work  to  be  performed.  When  the  work 
is  subject  to  great  variations,  as  for  instance  in  saw- 
mills, in  bleaching  works,  or  in  forges,  great  incon- 
venience often  arises  with  the  ordinary  bucket  water- 
wheels  and  with  turbines  which  discharge  at  the 
circumference,  from  their  running  too  quickly  when 
any  considerable  diminution  occurs  in  the  resistance 
to  their  motion. 

**The  first  vortex  which  was  constructed  on  the 
large  scale  was  made  in  Gladgow,  to  drive  a  new 
beetUng-mill  of  Messrs.  C.  Hunter  and  Co.,  of 
Dunadry,  in  County  Antrim.  It  was  the  only  one  in 
action  at  the  time  of  the  meeting  of  the  British 
Association  in  Belfast ;  but  the  two  which  have  been 
particularly  described  in  the  present  article,  and  one 
for  an  imusually  high  fall,  100  feet,  have  since  been 
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completed  and  brought  into  operation.  There  are 
also  several  otiiers  in  progress ;  of  which  it  may  be 
sufficient  to  particularize  one  of  great  dimensions  and 
power,  for  a  new  flax-mill  at  Ballyshannon  in  the 
West  of  Ireland.  It  is  calculated  for  working  at  150 
horse-power,  on  a  fall  of  14  feet,  and  it  is  to  be 
impelled  by  the  water  of  the  Eiver  Erne.  This  great 
river  has  an  ample  reservoir  in  the  Lough  of  the 
same  name ;  so  that  the  water  of  wet  weather  is  long 
retained,  and  continues  to  supply  the  river  abund- 
antly even  in  the  dryest  weather.  The  lake  has  also 
the  eflFect  of  causing  the  floods  to  be  of  long  duration, 
and  the  vortex  will  consequently  be,  through  a  con- 
siderable part  of  the  year,  and  for  long  periods  at 
a  time,  deeply  submerged  under  backwater.  The 
water  of  the  tail-race  will  frequently  be  seven  feet 
above  its  ordinary  summer  level ;  but  as  the  water  of 
the  head-race  will  also  rise  to  such  a  height  as  to 
maintain  a  sufficient  difference  of  levels,  the  action  of 
the  wheel  will  not  be  deranged  or  impeded  by  the 
floods.  These  circumstances  have  had  a  material 
influence  in  leading  to  the  adoption  in  the  present 
case  of  this  new  wheel  in  preference  to  the  old  breast 
or  undershot  wheels." 

The  next  tables  have  been  arranged  by  us  from 
Mr.  Francis'  valuable  experiments.  They  show  the 
ratio  of  the  effect  to  the  power  in  two  wheels,  the  first 
a  centre-vent  wheel,  erected  at  the  Boott  Cotton  MiUs, 
and  the  second  a  turbine,  erected  at  the  Tremont  Mills, 
Lowell,  Massachusetts. 

The  maximum  effect  '794  was  obtained  from  the 
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Tremont  turbine  experiments,  when  the  velocity  of 
tJie  interior  circumference  of  the  wheel  was  to  that 
due  to  the  whole  fall  as  '63  to  1 ;  and  an  effect  of  78 
per  cent,  was  obtained  when  these  velocities  were  as 
'51  to  1.  In  the  Boott  centre-vent  wheel  the  maxi- 
mum eflFect  '797  was  obtained  when  the  velocity  of 
the  exterior  circumference  was  to  that  due  to  the  fall 
as  '64  to  1 ;  and  a  like  effect  was  produced  when 
this  ratio  was  '708  to  1.  Indeed,  between  these 
i*atios  the  useful  effect  was  nearly  the  same ;  an 
effect  of  '78  to  '79  was  obtained  for  all  such  ratios 
between  limits  of  '59  and  '71  to  1,  averaging  a  ratio 
of  '65  to  1.  If  a  turbine  have  a  variable  fall,  say 
from  2  to  1,  and  be  of  sufl&cient  capacity  to  give 
the  required  power  always,  the  dimensions  should 
be  determined  from  the  lesser  fall,  and  if  correctly 
so  determined,  it  will  not  have  sufficient  velocity 
for  the  greater  fall.  When  the  fall  is  greatest  the 
quantity  in  the  same  place  is  generally  least,  giving 
thereby  a  lessened  effect  when  most  is  required. 
For  such  cases  two  turbines  may  be  used  with 
advantage. 
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TABLS  $ko9i$uf  ike  BmuU$  <f  Sxpermndt  immm  a  Moi$l  qf  a  C«nir9-wnl  WaUr 
Wheel,  and  aUo  upo*  a  CetUrt-^oent  WaUr  WhsH  at  tJU  Boott  CoUom  MUU,  LameU, 
Ma$aaehu$€H»,  arranged  from  Mr.  Frana^  vaiuahU  Experimtntt.  Ditmeter  tf 
Wheel  to  the  outeide  qf  the  Buekett,  about  ^-SfeH.  Depthe  tf  External  Gmide 
Curvet  about  -75  foot  External  height  <f  Wheel  ehoA  1*5  feet,  Number  qf 
Buekett.  40.  Mean  heiaht  ef  the  or^Ceet  between  the  Ouidetr  1  foot.  Diameter  ef 
Supply  Pipe,  8  feet.  Thejlret  Seven  Experiment*  vere  WMde  on  a  Model,  the  JEc- 
terior  Diameter  qf  the  Wheel  being  22i  inehet.  Interior  Diameter  19^  inehee,  height 
between  the  Croume  2H  inchee,  and  the  number  qf  Buekete  36.  The  Conatruetiom  qf 
the  Wheel  ie  ehotpn  tn  Mr.  J^raneie'  Book,  and  all  neeeeeary  DetaUe.  The  general 
principle  qfthe  Centre-vent  Wheel  qf  Pranei^  and  Thomeon^e  Vortex  Wheel  appear* 
to  be  the  eame;  the  Chiide  Bladee  being  feicer  in  the  latter,  and  capable  qf  adjuet- 
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l*-29 

•• 

29-57 

3770 
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TABLE  $\owiH4f  ike  Se$uU$  qf  ExperimenU  %p(m  ike  Turhuu  at  Tremtmi  iH/Zt, 
Lowell,  Maeeaekueette,  arranged  fiom  Mr.  I^ancie*  valuable  ExperimenU.  J>%a^ 
meter,  tneaeured  to  the  Exterior  Cireun\fereHee  qf  Crowne  of  tke  Wheel,  8*833  ftet. 
Height  of  Buekete  from  top  qf  the  Diee  to  the  bottom  qftke  Garniture,  "VlfeH. 
Jfumber  qf  Buckets,  44,     Width  qf  the  Buekete,  S  foot  nearly.     W^dth  qf  Outde 


„.    „ , A  Double  Weir  with  4  end  oonetruc- 

\feet  long,  need  for  aauging  the  Water,  the  Creet  beina  65  feet  above 


Curvee,  2Zfeet  nearlv.    Number  ^  Ditto,  88. 

tions,  and  l6'98feet  long,  used  for  gauging  thi ,  — -^  .  . ,  - . 

the/oor  qfthe  Wheel  Pit.    The  FaUe  ehow  the  difference  qf  heads  in  the  Forebajf  and 


Wheel  PU.      J'br  fuHher  details,  see  Francis*  Lowell  MydrauUe  Experiments,  pp. 
1  <o  43.     The  supply  pipe  is  fully  a  quadrant,  and  varies  fiom  6  to  9  feet  in  diameter. 


1 

1 

1 

111 

II 

III 
« 

11; 

18.65 
8 

Pi 

IP 

hi 

tip 

1^^ 

1    1       2       1      8 

4       1         5         1 

0 

7 

9 

10 

1 

12-864 

1*88 

189*42 

1118700 

-891 

1443-34 

784 

2876 

18-95 

2 

12-869 

1-88 

139-47 

111951*2 

-894 

1443-34 

•784 

28-77 

18-96 

3 

12-611 

2-02 

154-40 

121444-2 

1-532 

411-48 

•353 

28-48 

32-49 

4 

12  696 

1-97 

149-46 

118363-5 

1-382 

638-36 

•507 

28*68 

29-32 

ff 

12-777 

1-94 

146*02 

116373-2 

1-245 

864-87 

•622 

28-67 

26-40 

6 

12-819 

1-92 

143-91 

115067-3 

1-125 

1067-49 

703 

28  71 

23-86 

7 

12-856 

1-91 

142-52 

114284-2 

1-067 

1156  27 

•736 

28  76 

2*2*68 

8 

12-888 

1-90 

14204 

114187  1 

1024 

1229-41 

•760 

28-79 

21-71 

0 

12896 

1-90 

141-28 

113640*9 

•970 

1819-22 

766 

28-80 

20-57 

10 

12  883 

1-89 

140-08 

1126687 

•923 

189712 

779 

28-79 

19-67 

11 

12-899 

1-88 

139-90 

112563*8 

-902 

1433-48 

•781 

28-80 

19*18 

IS 

12-905 

1*88 

139*01 

111893-5 

•892 

145424 

•789 

28-81 

18*92 

13 

12-899 

1*88 

139-03 

111859*4 

-885 

1464-80 

•788 

28-80 

1877 

14 

12-902 

1-87 

138*85 

111740-8 

•880 

147437 

790 

28-81 

18-66 

15 

12^06 

1*87 

188  51 

111604*9 

•866 

1498*66 

792 

28-81 

18-87 

16 

12*915 

1-87 

138-27 

111384  0 

•836 

1662-44 

794 

28-82 

1778 

17 

12-984 

1-87 

138*28 

111521*1 

•813 

1597  08 

•792 

28-84 

17*25 

18 

12-939 

1-86 

187-71 

1111397 

742 

1724-49 

78  i 

28-85 

1574 

19 

12-940 

1-84 

185-14 

109077-1 

•646 

191145 

•770 

28-85 

18*69 

SO 

12-963 

1-84 

185-84 

109433*4 

•647 

1911-45 

•769 

28-88 

13-72 

21 

12-9n 

1-83 

133-75 

108265 « 

•632 

2167  88 

726 

28-89 

11-29 

22 

12-948 

1*82 

188-43 

1077647 

-464 

2867-88 

•679 

28-86 

9*68 

23 

12-954 

1*87 

188-62 

112009*8 

•832 

1665^1 

791 

28-86 

17-64 

24 

12-932 

1*87 

138-50 

1117--iO*6 

■817 

1690-50 

791 

.28-84 

1782 

25 

12-951 

1-87 

138*87 

111777*2 

789 

1641-84 

788 

28  86 

1674 

26 

12-758 

1*92 

143*88 

1140607 

1^488 

390-95 

•346 

28  66 

81  45 

27 

12*909 

1*86 

18775 

110917-6 

1-142 

96330 

*675 

28^82 

24^21 

28 

12*960 

1*86 

137*00 

1106647 

1025 

116077 

725 

28-86 

2178 

29 

12-965 

1-84 

135*10 

109252*2 

-930 

1298  ^68 

750 

28-88 

1974 

30 

12*999 

1-82 

133*80 

108082-5 

•866 

139611 

760 

28-92 

1835 

31 

13*026 

1*81 

181*99 

107246*3 

-844 

1494-68 

763 

28-95 

1706 

32 

18*028 

1*80 

130*89 

106366*6 

•708 

1666-98 

•760 

28.95 

15^01 

33 

18077 

1*68 

118-55 

96699*5 

1-361 

816-08 

•800 

29-00 

28-66 

34 

18*134 

1*66 

116-10 

96112*0 

1-219 

51969 

•458 

2906 

25-84 

35 

13*215 

1*63 

113-24 

98346*0 

1*004 

88226 

-609 

29-15 

21-28 

36 

13*282 

1*59 

10971 

90898*8 

•848 

108830 

•652 

29-23 

17-88 

87 

13*810 

1*58 

107*95 

896207 

776 

1115^02 

-656 

29-26 

1644 

38 

18*862 

1*54 

103-85 

86556*6 

•616 

12n^98 

•619 

29  32 

18^06 

39 

12*883 

1-86 

137*86 

110880-8 

•855 

1482  66 

781 

2879 

1812 

40 

12-896 

1-86 

186*97 

110176*6 

-822 

1644-87 

784 

28*80 

17-42 

41 

12-912 

1*85 

136*55 

109973-0 

789 

1604-85 

783 

28  82 

1678 

42 

13-869 

1-27 

78*84 

65746*8 

1146 

118-59 

•141 

29-32 

24*30 

43 

13-395 

1*25 

76-62 

64018*1 

•960 

825  ^39 

-882 

29  86 

20-86 

44 

13*435 

1-22 

74*05 

62062-0 

772 

519-86 

-440 

2940 

16*87 

45 

13*478 

119 

71-87 

60424*6 

•672 

61222 

-468 

29-44 

14*25 

46 

18-618 

1-17 

70-01 

69006*4 

-560 

70444 

•455 

29-48 

11-87 

47 

13*559 

111 

64*50 

54564 D 

-800 

882^02 

•830 

29-53 

6*86 

48 

18*985 

•78 

38*22 

33340*8 

•620 

11869 

•150 

29-99 

13*14 

49 

14-001 

78 

88*57 

88683*5 

•689 

7314 

-102 

80-01 

14*61 

50 

14020 

-76 

8717 

82508-0 

-888 

896-89 

-240 

80-03 

8*22 

>              1 

L 

lOogk 
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TABLE  for  Twrbine$  qfSftmi  DiawuUn,  wtodifUdfrom  Francii,  operatutg  wUk  d^(trent 
FaU*;  a$$ummg  th«  uttpU  tfftH  u  Moen^^oe  per  cent,  pf  tk*  power  expended,  tSai  tie 
VeUx^  of  the  Interior  drcuwtferenet  uMg-tu  per  cent,  qftke  VelocUw  due  to  the  Al/, 
and  that  also  the Seight  between  the  Crownt  it  one4     -"•-•-    ^ 


t  one-tenth  <^  the  Outnde 


OntddedUmeterS    ft. 

Inaide          ^        IM  „ 

Iiuide                  2)8., 

Inalde          „       SM. 

Inaid*          ,       4 11  „ 

i 

5 

NumlMroflrackeUas. 

Nnmberofb«cketo8». 

NttmberonmckoUtt. 

Number  of  bucketoti. 

P 

^ 

I 

It 

1 

I 

1^ 

^ 

I 

1^ 

i 

I 

I 

1' 

1 

W 

II 

1 

H 

P 

^5 

I 

ll 

5 

4-5 

1-9 

123 

101 

4-3 

80 

17-88 

7-6 

59 

27-9 

11-9 

47 

6 

4-9 

2-5 

135 

11-0 

5-6 

88 

19-6 

10-0 

65 

30-6 

15-6 

61 

7 

5-3 

3-1 

146 

11-9 

7-1 

95 

21-17 

12-6 

70 

83  1 

19-7 

55 

8 

5-7 

3-8 

156 

12-7 

8-7 

102 

22-63 

15-4 

75 

35-8 

24-0 

69 

9 

6  0 

4-6 

165 

13-5 

10-3 

108 

2400 

18-4 

79 

37-5 

28-7 

63 

10 

6-3 

5-4 

174 

14-2 

121 

114 

25-30 

21-5 

84 

39-5 

88-6 

66 

11 

6-6 

6-2 

183 

14-9 

13-9 

119 

26-53 

24-8 

88 

41-6 

38-8 

69 

12 

6-9 

7-1 

191 

15-6 

15-9 

125 

27-71 

28-8 

92 

48-3 

44-2 

72 

18 

72 

8  0 

199 

16-2 

17-9 

130 

28-84 

31-9 

95 

45  1 

49-8 

75 

14 

7-5 

8-9 

206 

16-8 

20-0 

135 

29-93 

35-6 

99 

46-8 

65-7 

78 

15 

7-7 

9-9 

213 

17-4 

22-2 

139 

80-98 

39-5 

108 

48-4 

61-7 

81 

16 

8-0 

10-9 

220 

18-0 

24-5 

144 

3200 

48-5 

106 

50-0 

68-0 

88 

17 

8-2 

11-9 

227 

18-5 

26-8 

148 

32-99 

47-7 

109 

51-5 

74-6 

86 

18 

8-5 

130 

234 

191 

29-2 

153 

38-94 

51-9 

112 

530 

81-1 

88 

19 

8-7 

14-1 

240 

19-6 

31-7 

157 

34-87 

56-3 

115 

54-5 

88-0 

91 

20 

8-9 

15-2 

247 

20-1 

34-2 

161 

35-78 

60-8 

118 

55-9 

95-0 

93 

21 

9-2 

16-4 

253 

20-6 

36-8 

165 

86*66 

65-4 

121 

57-3 

102-2 

96 

22 

9-4 

17-5 

259 

211 

39-5 

169 

37-52 

70-2 

124 

58-6 

109-6 

98 

23 

9-6 

18-7 

264 

21-6 

42-2 

172 

88-37 

75-0 

127 

59-9 

117-2 

100 

24 

9-8 

20-0 

270 

220 

45-0 

176 

39  19 

79-9 

130 

61-2 

124-9 

102 

25 

10-0 

21-2 

276 

22-5 

47-8 

180 

40-00 

85-0 

132 

62-5 

132-8 

104 

26 

10-2 

22-5 

281 

22-9 

50-7 

183 

40-79 

901 

185 

68-7 

140-9 

106 

27 

10-4 

23-8 

286 

23-4 

53-7 

187 

41-57 

95-4 

188 

65-0 

149-1 

108 

28 

10-6 

25-2 

292 

23-8 

56-7 

190 

42-83 

100-7 

140 

66  1 

157-4 

110 

29 

10-8 

26-5 

297 

24-2 

59-7 

194 

48-08 

106-2 

143 

67-8 

165-9 

112 

30 

10-9 

27-9 

302 

24-6 

62-8 

197 

48-82 

111-7 

145 

68-5 

174-6 

114 

31 

11-1 

29-3 

307 

250 

66  0 

200 

44-54 

117-4 

147 

69-6 

183-4 

116 

32 

11-3 

30-8 

312 

25-5 

69-2 

208 

45-25 

128-1 

150 

70-7 

192-3 

118 

33 

11-5 

32-2 

317 

25-8 

72-5 

207 

45-96 

128-9 

152 

71-8 

201-4 

120 

84 

11-7 

33-7 

321 

26-2 

75-8 

210 

46-65 

184-8 

154 

72-9 

210-6 

122 

35 

11-8 

35-2 

826 

26-6 

79-2 

213 

47-38 

140-8 

157 

78-9 

220-0 

1^ 

36 

12-0 

36-7 

881 

27-0 

82-6 

216 

48-00 

146-9 

159 

75-0 

229-6 

125 

87 

12-2 

38-3 

835 

27-4 

86-1 

219 

48-66 

153-0 

161 

76-0 

239-1 

127 

38 

12-3 

89-8 

340 

27-7 

89-6 

922 

49-82 

159-3 

163 

77-0 

248-9 

129 

89 

12-5 

41-4 

344 

281 

93-2 

225 

49-96 

165-6 

165 

78-1 

258-8 

180 

40 

12-6 

43-0 

349 

28-5 

96-8 

227 

50-60 

172-0 

167 

79-1 

268-8 

182 
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ORIFICES,    WEIRS,  PIPES,  AND  RIVERS, 
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TABLE  qf  Twhintt  cfdi^tBrent  Diamettn,  mod^Ud  from  Franei$t  operating  with  difertnt 
Falls ;  a«nffliM£  the  tutful  ^eei  i»  eenentjhfiee  per  cent,  qf  the  power  expended,  that  the 
Veloeiiy  qfthe  Interior  Cireuw^erenee  iefftjf-eix  per  cent,  of  the  Velodtifdme  to  the  FalL 
and  that  aleo  the  Height  between  the  Crowne  ie  one-tenth  qfthe  Outeide  Diameter. 


Outside  diameter  6  ft. 
Inside  „  5  ,, 
N  umber  of  buckets  48. 


Outside  diameter  7    ft. 
Inside  .,       680  „ 

Number  of  buckets  M. 


Outside  diameter  8    ft.  Outside  diameter  10  ft. 
~    ide  „       6-81  „  Inside  ».       8-67 ., 

Number  of  buckets  64.  Number  of  buckets  60. 


i. 

II 


II 


1^ 


40-2 

44-1 

47-6 

50-9 

54-0 

66-9 

59-7 

62-4 

64-9 

67-3 

69-7 

72-0 

74-2 

76-4 

78-6 

80-6 

82-5 

84-4 

86-3 

88-2 

90-0 

91-8 

98-5 

95-2 

96-9 

98-6 

100-2 

101-8 

103-4 

1060 

106-6 

108-0 

109-6 

Ill-O 

112-4 

113-8 


17-1 

22-6 

28-3 

34-6 

41-3 

48-4 

66-8 

63-6 

71-7 

80*1 

88-9 

97-9 

107-2 

116-8 

126-7 

136-8 

147-2 

157-9 

168-8 

179-9 

191-2 

202-8 

214-6 

226-7 

238-9 

261-4 

264-1 

277-0 

290-0 

303-3 

316-8 

330*6 

344-3 

368-4 

372-6 

387  1 


38 
42 
46 
48 
61 
64 
67 
69 
62 
64 
66 
69 
71 
73 
76 
77 
79 
80 
82 
84 
86 
87 
89 
91 
92 
94 
96 
97 
98 
100 
101 
103 
104 
106 
107 
108 


64-8 

60-0 

64-8 

69-3 

73-6 

77-6 

81-3 

84-9 

88-3 

91-7 

94-9 

98-0 

101-0 

103-9 

106-8 

109-6 

112-3 

114-9 

117-6 

120-0 

122-6 

124-9 

127-3 

129-6 

131-9 

134-2 

136-4 

138-6 

140-7 

142-9 

144-9 

147-0 

149-0 

161-0 

163-0 

164-9 


28-3 

80-6 

38-6 

47-1 

66-2 

66-9 

76-0 

86-6 

97-6 

109-1 

121-0 

133-3 

146  0 

1690 

172-6 

186-3 

200-4 

214-9 

229-7 

244-8 

260-3 

276-1 

292-2 

808-5 

326-2 

342-2 

859-4 

377-0 

394-8 

412-9 

431-2 

449*8 

468-7 

487-8 

607-2 

526-8 


32-5 
35-6 
38-4 
411 
43-6 
46-0 
48-2 
50-3 
52-4 
54-4 
56-3 
58-1 
59-9 
61-7 
63-3 
66-0 
66-6 
68-2 
69*7 
71-2 
72-7 
74-1 
76-5 
76-9 
78-8 
79-6 
80-9 
82-2 
83-5 
84-7 
86-0 
87*2 
88-4 
89-6 
90-8 
91-9 


71-5 
78-4 
84-7 
90-6 
96-0 
101-2 
106-1 
110-8 
116-4 
119-7 
123-9 
128-0 
131-9 
136-8 
139-6 
143-1 
146-6 
160-1 
163-6 
166-8 
160-0 
168-2 
166-3 
169-3 
172-3 
176-8 
178-2 
181-0 
183-8 
186*6 
189-3 
192-0 
194-6 
197*3 
199*8 
202*4 


30-4  28-1 


40-0 
60-4 
61-5 
78-4 
86-0 
99-2 
113-1 
127-6 
142-5 
168-0 
174-1 
190*6 
207-7 
226-3 
243-3 
261-7 
280-7 
300-0 
319-8 
340-0 
6 
381-6 
403-0 
424-8 
446-9 
469-6 
492-4 
616-6 
639-2 
663-2 
687*6 
612-2 
637*1 
662-5 
688*1 


80-8 
33-3 
35-6 
37-8 
39-8 
41-7 
48-6 
46-4 
47*1 
48-7 
50-3 
61*9 
63-4 
64-9 
66-3 
67-7 
59-0 
60-4 
61-7 
62-9 
64-2 
65-4 
66-6 
67-8 
68-9 
70-1 
71-2 
72-8 
73-4 
74-5 
76-6 
76-6 
77*6 
78-6 
79-6 


111-8 
122-6 
132-3 
141-4 
160-0 
168-1 
166-8 
173*2 
180-8 
187-1 
193-6 
200-0 
206-2 
212-1 
217-9 
223-6 
229  1 
234-6 
239*8 
244-9 
260-0 
254-9 
259-8 
264-6 
269-3 
273-9 
278-4 
282-8 
287*2 
291-5 
295-8 
800-0 
304*1 
308-2 
312*2 
316-2 


47-5 
62-5 
78*7 
96-2 
114-7 
184-4 
165-0 
176-7 
199-2 
222-6 
246-9 
272-0 
297*9 
324-6 
362-0 
380-1 
409-0 
438-6 
468-8 
499-7 
631-2 
663-4 
596-3 
629-7 
663-7 
698*8 
733-5 
769-3 
8067 
842*6 
880*0 
918-0 
966-5 
996-5 
1036-1 
1075-2 


1 
24-2 
26-2 
28-0 
29-7 
31-3 
32-8 
34-3 
36-7 
37-0 
38-3 
39-6 
40*8 
42-0 
43-1 
44-3 
46-4 
46-4 
47-5 
48-5 
49-5 
50-6 
61-4 
52-4 
53-3 
64-2 
65*1 
56*0 
66*9 
67-7 
68-6 
69*4 
60-2 
61-0 
61-8 
62-6 
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432  THE  DISCHARGE  OP  WATER  FROM 

The  htdbaulic  bam  has  been  applied  with  advantage 
in  raising  water  to  a  considerable  height  by  the 
momentum  of  a  larger  quantity  at  a  lower  level.  The 
shock  of  the  valves,  and  vibration  of  the  machine, 
require  heavy  and  strong  setting,  and  considerable 
strength  in  all  the  parts.  This  limits  its  application, 
and  prevents  its  use  for  raising  large  quantities  of 
water.  The  work  done  by  the  ram,  in  over  one 
thousand  experiments  by  Eytelwein,  did  not  exceed  in 
any  of  them  1480  lbs.  raised  one  foot  in  one  minute ; 
and  in  France,  the  ram  put  up  by  the  younger  Mont- 
golfier,  said  to  be  the  largest  constructed,  raised  only 
7400  lbs.  one  foot  high  per  minute,  and  had  a  useful 
eflfect,  it  is  reported,  of  '65.  This  ram  was  put  up 
at  Mello,  near  Clermont-sur-Oise.  Its  dimensions 
were — 

Length  of  the  body  pipe  or  injection  pipe .        .108  feet 

Diameter 4*8  inches. 

Weight  of  body  pipe 3190  Ibe. 

Weight  of  head 440  Iba. 

Contents  of  air-chamber 1)  gallons. 

This  ram  worked  under  a  head  of  87  feet,  discharging 
in  use  81}  gallons  each  minute,  and  raising  8*85 
gallons  a  height  of  195  feet. 

The  largest  ram  employed  by  Eytelwein  in  his  ex- 
periments had  the  following  dimensions—* 

Length  of  the  body  pipe  or  injection  pipe .  43  feet  9  inches. 

Diameter  of  ditto 0  feet  2^  inches. 

Contents  of  air-chamber  .        .  .  1*94  gallons. 

Area  of  tail  or  escape  valve  .        .        .    .  3*74  square  inches. 
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and  his  experiments  led  to  the  following  practical  for- 
mula by  D'Aubuisson — 

-k  =  1-42  -  -28  V^  : 

in  which  d  is  the  water  used  per  minute  in  gallons,  d 
the  quantity  raised  in  gallons,  h  the  head  used,  and  ft' 
the  lift  of  the  quantity  d.  By  a  slight  reduction  we 
get 

d  h'  =  1-42  D  (&  -  -28  VTF) 
for  the  effect  produced,  which  is  reduced  nearly  one- 
sixth  for  practical  application,  giving  the  formula 

dh'  =  1-2  D  (A  -  -2  VTA') 
for  the  work  done. 


EXPERIMENTAL  RESULTS— HTDEAULIC  RAM. 


8 
ol 

Height  in  feet  of 

Ratio  of 
helghtii. 

Gallonfl  of  water 
per  minute. 

Ratio  ^; 

RatioH 
D 
d 

Fall 
h 

Elevation 

T 

Ex- 
pended 
D 

Raised 

d 

Experi- 
menta. 

For- 
mula. 

66 
54 
50 
52 
46 
42 
36 
26 
31 
23 
17 
16 
14 
10 

Ft    In. 
lO'    0" 
10     2 
9  11 
8     0 
8     9 
7     6 
6     0 
4    6i 
6     0 
4    1 
3    0 
3    3 
2    6 
1111 

Ft    In. 
26'    4- 
82     4 
88    8 
82    4 
88    8 
88     8 
88    8 
82    4 
88    7 
88    8 
82    2 
38    8 
88    8 
38    8 

2-63 
3-18 
3-9 
4- 
4-4 
5-21 
6-5 
7-2 
7-7 
9-47 
10-7 
11-9 
15-6 
19-3 

10-66 

13-97 

12-01 

8-16 

10-85 

9-92 

8-89 

5-23 

8-05 

11-11 

10-8 

12-34 

11-95 

9-81 

3-39 
3-83 
2-622 
1-687 
2-09 
1-5 
1-06 
•496 
•704 
•649 
•479 
•368 
•22 
•088 

•9 

•878 

•85 

•847 

•845 

•787 

•754 

•672 

•667 

•548 

•473 

•352 

•284 

•181 

•97 
•92 
•87 
•85 
•84 
•78 
•71 
•67 
•65 
•56 
-51 
•45 
•32 
•18 

2-92 
8^67 
4-58 
4-72 
5-2 
6-62 
8^62 
10-7 
11^54 
17^2 
22-6 
33-8 
54-6 
106-6 

Eytelwein  recommends,  that  the  length  of  the  hody- 

F  F 
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pipe  should  not  be  less  than  three-fourths  of  the  height 
to  which  the  water  is  to  be  raised ;  its  diameter  in 
inches  equal  '58  V  d  ;  the  diameter  of  the  rising  pipe 
•8  VId";  and  the  contents  of  the  air-chamber  equal  to 
that  of  the  rising  pipe.  If  n  be  in  cube  feet,  then 
diameter,  in  inches,  of  the  body-pipe  may  be  taken 
=  1*5  \/*D^  and  that  of  the  rising  p;pe  =  '75  V  d. 

The  following  table  gives  the  result  of  experiments 
made  by  Montgolfier  and  his  son : — 

TABLE  OF  EXPERIMENTAL  RESULTS — HTDRALaiC   RAM. 


Height 

Water  per  Minute. 

dh' 

Mean 
Ratio 

FaU 
h 

Elevation 
h 

Expended 
D 

DeUvered 
d 

Dk 

dh' 
Dk 

Ft.      In. 

8'      6- 
37      2 
34      9 

3      3 
22     10 

Ft.    In. 
52'    8" 

195  0 
111  11 

14  11 

196  10 

Gallone. 

16 

31 

18-5 
437 
2-86 

Gallona 
1-37 
3-85 
3-74 

69-18 
0-22 

•57 

•653 

•651 

•629 

•671 

•6*5 

In  several  experiments  made  by  the  author  in  1866, 
for  the  Directors  of  the  Midland  Great  Western  Rail- 
way, Ireland,  on  two  rams  at  work  at  the  Broadstone 
Terminus,  Dublin,  where  the  lifts  varied  from  22  to 
24  feet,  the  ratio  of  the  eflFect  to  the  power  varied  from 
•4  to  '84 ;  the  latter  effect  having  been  got  with  a  fall 
of  8  feet,  a  lift  of  22  feet,  and  95  beats  in  a  minute. 
An  effect  of  "895  was  got  with  a  fall  of  14  feet,  a  lift  of 
24  feet,  and  45  beats  in  a  minute. 

Latterly,  the  Messrs.  Easton  and  Amos  have  patented 
improvements  in  this  machine,  and  have  raised  water 
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to  a  height  of  880  feet.  The  injection  pipe  is  laid  by 
them  at  an  inclination  of  about  one  in  four  for  high  falls> 
and  varies  down  to  one  in  eighteen  for  smaller  falls. 
The  quantities  raised  in  their  practice  vary  up  to  six 
gallons  per  minute. 

Water-pressure  engines  give  a  useful  effect,  vary- 
ing up  to  70  per  cent,  for  the  best  constructed.  An 
immensei  amount  6i  mechanical  skill  and  invention  has 
been  brought  to  bear  on  their  construction,  and  in 
Weisbach's  book*  a  useful  effect  of  88  per  cent,  has 
been  calculated;  this  is,  however,  a  result  seldom 
obtained  in  practice,  where  two-thirds,  or  66  per  cent., 
is  nearer  to  the  general  efficiency.  Jordan  got  a 
maximum  efficiency  of  "66  from  one  of  the  Clausthal 
engines^  making  four  strokes  per  minute,  and  *71 
making  three  strokes  per  minute.  These  restdts  were 
for  the  combined  engine  and  pumps,  from  which  it  was 
calculated  that  the  efficiency  of  the  engine  alone  was, 
in  the  first  case  '88,  and  in  the  second  '85.  It 
would  be  a  great  mistake  to  calculate  on  such  high 
efficiencies. 

Corn  mills  will  grind  about  a  bushel  of  com  per 
horse-power  per  hour,  but  much  depends  on  the  state 
of  the  stones  and  of  the  grain.  The  value  of  the 
work  done  in  an  hour  being  once  known,  the  value 
of  the  standard  horse-power  can  be  determined 
accordingly. 

♦  VoL  ii.,  p.  342. 


F   F  2 
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TABLE  I.—Co^mfitnU  jaf  Dmkaty«  from  Sqmmro   and   i^fttndiy  pnportiomei 
S4etanffularLai*ral  Ori/lem  in  tkin  Ver^eai  FlaU$,  arramgedfirm  FoneeUt  and 


I    B 

Square  orlfloe 

BMtangultf 

Beotangular 

iiu 

1    1 

8^  X 

r. 

orifices 

"  X  4". 

orifioo  8^  X  r . 

EUtioofiheaidet 

Ratio  of  the  tidee 

Ratio  of  the  aidea 

W   -a 

•S      o 

Itol. 

2tol. 

4tol. 

Ill 
W 

1^ 

H 

si 

11 

0-000 

•619 

-667 

-718 

0197 

•025 

•697 

•630 

•668 

0-894 

•050 

•696 

•618 

•607 

•642 

0-591 

•075 

•594 

•698 

•615 

•612 

-639 

0-787 

•100 

•672 

•694 

•696 

•614 

•616 

•688 

1-181 

•150 

■678 

•693 

-600 

•613 

•620 

•687 

1-576 

•200 

-682 

•693» 

•608 

•612 

•628 

•686 

1-969 

•250 

-686 

•693 

•606 

•61 2» 

•626 

•686 

2-362 

•300 

-687 

•694 

•607 

•613 

•627 

•685 

2-756 

•850 

-588 

•694 

•609 

•618 

•628 

•685 

3-150- 

•400 

-689. 

-694 

•610 

•613 

•629 

•686 

3-546 

•450 

-691 

-696 

•610 

•614 

•629 

•684 

8-087 

•600 

-692 

-696 

•611 

•614 

•680 

•684 

4-724 

•600 

•693 

-696 

•612 

•614 

•680 

•688 

5-512 

•700 

-695 

•697 

•613 

•614 

•680 

•682 

6-299 

•800 

•696 

•697 

•614 

•616 

•681* 

•631 

7-087 

•900 

-697 

-698 

•616 

•616 

•680 

•681 

\     7-874 

1000 

•598 

-699 

•615 

■616 

•680 

•630 

9-848 

1-250 

•699 

•600 

•616 

•616 

•680 

•680 

11-811 

1-500 

•600 

-601 

•616 

•616 

•629 

•629 

15-748 

2-000 

•602 

•602 

•617 

•617 

•628 

•629 

19-685 

2-500 

•603 

•608 

•617* 

•617* 

•628 

•628 

23-622 

3-000 

•604 

•604 

•617 

•617 

•627 

•627 

27-560 

8-600 

-604 

•604 

•616 

•616 

•627 

•627 

81-497 

4-000 

•606 

•606 

•616 

-616 

•627 

•627 

85-434 

4-600 

•606' 

•606* 

-615 

-616 

•626 

•626 

89-871 

6-000 

•606 

•606 

•616 

•616 

•626 

•626 

48-307 

6-500 

-604 

•604 

•614 

-614 

•625 

•626 

47-245 

6  000 

•604 

•604 

•614 

•614 

•624 

•624 

61182 

6-500 

•608 

•603 

•618 

•613 

•622 

•622 

65-119 

7-000 

•603 

-603 

•612 

•612 

•621 

•621 

69-056 

7-600 

-602 

•602 

•611 

•611 

-620 

•620 

62-993 

8-000 

-602 

•602 

•611 

•611 

•618 

•618 

66-930 

8-600 

-602 

•602 

•610 

•610 

•617 

•617 

70-867 

9-000 

•601 

•601 

-609 

•609 

•616 

•615 

74-805 

9-500 

-601 

•601 

•608 

•608 

•614 

•614 

78-742 

10-000 

•601 

•601 

•607 

•607 

•613 

•614 

118112 

15-000 

•601 

-601 

•603 

•608 

•606 

•606 

•  See  pages  60,  61,  and  62. 
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TABLE  I.—Co^MeknU  of  Dim^My  fitm  Squan  and  tl^erenily  nroportiomed 
Rectangular  LaUral  OryUetiiitm  V9rtie(U  FUiU^  and 

L*$bro$. 


Rectangular 
orifice  8"  X 118". 

Rectangular 
orifice  8"X0  8". 

Rectangular 
orifice  8^x0-4". 

s 

Heads  of  water  mea- 
sured to  the  upper 
sides  of  the  orifices  in 
Bngli'^h  <ncb*¥». 

Ratio  of  the  sides 

Ratioof  the  sides 

RaUoof  the  sides 

hi 

7tol 

nearly . 

lOtol. 

20tol. 

1^ 

II 

1 1 

lis 

]■! 

•766 

■788 

•795 

725 

•750 

•705 

•778 

•025 

0197 

•680 

•687 

•660 

•720 

•701 

•762 

•050 

0-394 

•632 

•674 

•660 

•707 

•697 

•745 

•075 

0591 

•684 

•668 

•669 

•697 

•694 

•729 

•100 

0-787 

•688 

•659 

•669 

•685 

•688 

•708 

•150 

1181 

•640 

•654 

•658 

•678 

•683 

•695 

•200 

1576 

•640» 

•651 

•658 

•672 

•679 

•686 

•250 

1-969 

•640 

•647 

•657 

•668 

•676 

•681 

•300 

2-362 

•689 

•645 

•656 

•665 

•673 

•677 

•350 

2-756 

•638 

•643 

•656 

•602 

•670 

•675 

•400 

3150 

■687 

•641 

■665 

•659 

•668 

•672 

•450 

3  548 

•637 

•640 

•654 

•657 

•666 

•669 

•600 

3-937 

•686 

•637 

•658 

•665 

•663 

•665 

•600 

4-724 

•686 

•636 

•651 

•653 

•660 

•661 

•700 

5-512 

•634 

•635 

•650 

•651 

•658 

•659 

•800 

6-299 

•634 

•634 

■649 

•650 

•657 

•657 

•900 

7-087 

•638 

•683 

•648 

•649 

•655 

•656 

1000 

7-874 

•632 

•632 

•646 

•646 

•653 

•653 

1250 

l>-843 

•632 

•632 

•644 

•644 

•650 

•651 

1500 

11-811 

•681 

•631 

•642 

•642 

•647 

•647 

2^000 

15-748 

•630 

•630 

•640 

•640 

•644 

•645 

2500 

19-685 

•630 

•630 

•638 

•638 

•642 

•648 

3^000 

23-622 

•629 

•629 

•637 

•637 

•640 

•640 

3500 

27-560 

•629 

•629 

•636 

•636 

•637 

•687 

4^000 

31-497 

•628 

•628 

•634 

•634 

•635 

•635 

4^500 

35-434 

•628 

•628 

•633 

•633 

•632 

•632 

6  000 

39-371 

•627 

•627 

•631 

•631 

•629 

•629 

5  •500 

43-307 

•626 

■626 

•628 

•628 

•626 

•626 

6-000 

47-245 

•624 

•624 

•625 

•625 

•622 

•622 

6  500 

51-182 

•622 

•622 

•622 

•622 

•618 

•618 

7  000 

55119 

•620 

•620 

•619 

•619 

•615 

•615 

7  500 

59-056 

•618 

•618 

•617 

•617 

•613 

•613 

8  000 

62-993 

•616 

•616 

•615 

•615 

•612 

•612 

8 -600 

66-930 

•615 

•615 

•614 

•614 

•612 

•612 

9  000 

70-867 

•613 

■618 

•612 

•612 

•611 

•611 

9-500 

74-805 

•612 

•612 

■612 

•612 

•611 

•611 

10^000 

78-742 

•603 

•608 

•610 

•610 

•609 

•609 

15  000 

118-112 

*  Bee  pages  60,  61,  and  62. 
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TABLE  11. ^For  finding  the  VeloeUiM  from  fke  AUHndet,  and  the  AUUmiee  frtm 
the  FWoci/te9.— Altitudes  0  feet  0  y^  inch  to  0  feet  3|  inches. 


Coefficients  of  velocity,  and  the  correspoDding  velocities  of       | 

dischai^  in  inches  per  second. 

lUi 

^ni 

o-i 

o*!*  S 

-o:,i 

•s^l 

§■9 

II  € 

^^1 

III 

< 

« ^E 

^ 

„■»! 

^li 

«  «.  J 

^^1 

1         N 

0    Oyia 

278 

2-71 

2-66 

2-89 

2-27 

2-22 

0    0^ 

8-48 

8-38 

8-32 

2-99 

2-88 

2-78 

0    OA 
0    Oi 

6-95 

6-77 

6-64 

6-98 

6-66 

6-66 

9-829 

9-67 

9-40 

8-45 

8-01 

7-86 

0     OA 
0     Oi 

12-038 

11-72 

11-51 

10-85 

9-81 

9-63 

13-900 

18-64 

13-29 

11-95 

11-33 

11-12 

0    o»5 

15-641 

1514 

14-86 

18-86 

12-67 

12-48 

Q     Og 

17-024 

16-68 

16-27 

14-64 

18-87 

13-62 

0     O/g 

18-388 

17-91 

17-58 

16-81 

14-99 

14-71 

0    04 

19-658 

1915 

18-79 

16-91 

16-02 

16-78 

0     OA 

0    ot 

20-860 

20-81 

a9-98 

17-98 

16-99 

16-68 

21-978 

21-41 

21-01 

18-90 

17-91 

17-68 

0     0[i 

23061 

22-45 

2$-04 

19-82 

18-79 

18-44 

0   Oi 

24-076 

28-45 

28-02 

20-70 

19-62 

19-26 

0     012 

25  059 

24-41 

24  00 

21-66 

20-42 

20-05 

0     01 

26-005 

25-88 

24-86 

22-86 

21-19 

20-80 

0     Oil 

26-917 

26-22 

2578 

28-16 

21-94 

21-53 

0    1 

27-800 

27-08 

26-68 

23-91 

22-66 

22-24 

0    1 

29-486 

28-72 

28-19 

26-86 

24  03 

28-59 

0     1 

31-081 

80-27 

2971 

2678 

26-88 

24-87 

0     If 

32-598 

81-75 

81-16 

28-03 

26-67 

26  08 

0    li 

34048 

83-19 

32-68 

29-80 

27-75 

27-26 

0    11 

35-438 

84-52 

33-88 

80-48 

28-88 

28-85 

0     li 

36-776 

85-82 

3516 

81-63 

29-97 

29-42 

0     11 

38  067 

87-08 

36-89 

82-74 

81-02 

80-45 

0     2 

39-316 

88-29 

37-69 

83-81 

32-04 

81-45 

0    2j 

40-625 

39-47 

8874 

84-86 

83-08 

82-42 

0     2k 
0     2| 

41-700 

40-62 

89-87 

86-86 

83-99 

88-86 

42-843 

41-78 

40-96 

36-84 

34-92 

34-27 

0     2i 

43-956 

42-81 

42-02 

87-80 

86-82 

35-16 

0     2i 

45  041 

48-87 

48  06 

8874 

86-71 

86-03 

0     21 

46-101 

44-90 

44-07 

89-65 

37-57 

86-88 

0     2i 

47-137 

45-90 

45-06 

40-64 

88-42 

8771 

0     3 

48  151 

46-90 

46-08 

41-41 

89-24 

38-52 

0     3i 

49-144 

47-87 

46-98 

42-26 

40-05 

89-82 

0     3i 

50-117 

48-81 

47-91 

43-10 

40-86 

40-09 

0     31 

51  072 

49-74 

48-82 

43-92 

41-62 

40-86 

0     3i 

52  009 

60-66 

49-72 

44-73 

42-39 

41-61 

0     3)1 

52-930 

51-65 

60-60 

46-52 

43-14 

42-84 

0     3| 

53-834 

52-48 

61-47 

46-80 

48-88 

43-07 

0     8| 

54-725 

63-80 

62-82 

47-06 

44-60 

43-78 
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TABLE  JL— For  finding  the  Veloe%He$fr<m  tka  AUUudei,  and  the  AUiJtudetfnm  the 
F«&>ett«e».— Altitudes  0  feet  Or^  inch  to  0  feet  Sf  indies. 


Coeffidenta  of  vdodty,  and  the  correaponding  velodtlea  of       | 
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THE  IJISCEAROE  OF  WATER  FROM 
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ORIFICESy   WEIRS,  PIPES,  AND  RIVERS. 
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TABLE  n.-^VarpfOiiM  tka  VAoemMfrom  ike  AUUudet,  and  tht  AUUude$from  the 
T«2oo^.— Altitudes  0  feet  4  indies  to  1  foot 
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THE  DISCHARGE  OF  WATER  FROM 
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ORIFICES,  WEIRS,  PIPES,  AND  RIVERS. 
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TABLE  II.—ForJlndiHff  the  Veloeitieg/rom  the  AUUudet,  and  the  AUUudeefrom  the 
Fe2oci^i«f.~Altitude8  1  foot  Ok  inch  to  5  feet  8  inches. 
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111-11 

107-08 

8    7i 

130-54 

124-20 

11711 

116-06 

113-01 

108-91 

3    9 

132-70 

126-26 

119-05 

116-97 

114-88 

110-71 

8  lOi 

134-82 

128-27 

120-96 

118-84 

116-72 

112-48 

4    0 

137-60 

130-92 

123-45 

121-29 

119-12 

114-80 

4    2 

140-33 

133-51 

125-89 

123-69 

121-48 

117-07 

4    4 

143-00 

136-06 

128-29 

126-05 

123-80 

119-30 

4    6 

145-63 

138-55 

130-65 

128-86 

126-07 

121-49 

4    8 

148-20 

141-00 

182-96 

130-63 

128-30 

123-64 

4  10 

150-74 

143-42 

135-23 

132-86 

130-49 

125-76 

6    0 

154-46 

146-96 

138-57 

136-14 

133-72 

128-86 

6    8 
rf*4. 

Ui 


THE  DISCHARGE  OP  WATER  FROM 


TABLE  IL—FwJlndina  th«  VOoeUim/fvm  ih*  AUUmdrn^  and  Os  AUUudeifrom  Uc 
Ktftoct^.— Altitudes  5  feet  6  inches  to  17  feet 


h 

discharge  in  inches  per  second. 

^4|J 

^'A 

^•si 

«g 

o  3  S 

o-.i 

si 

p 

-  Illf 

2.    Values 
r  =  27  077 
Coefficient - 

8.    Values 
V  =  26-6n 
Coefficient 

4.    Values 

«  =  23-908 

Coefficient  - 

111 

1            0 

6  6 

225-848 

219-98 

215-91 

194-23 

184-07 

180-68 

5  9 

280-924 

224-92 

220-76 

198-59 

188-20 

184-74 

6  0 

235-891 

229-76 

225-51 

202-87 

192-26 

188-71 

6  8 

240755 

234-60 

280-16 

207-05 

196-22 

192-60 

6  6 

245-524 

239-14 

234-72 

211  15 

200-10 

196-42 

6  9 

?50-200 

243-69 

239-19 

216-17 

203-91 

20016 

7  0 

254-791 

248-17 

243-68 

219-12 

207-65 

208-83 

7  8 

259-301 

252-66 

247-89 

222-99 

211-38 

207-44 

7  6 

263-734 

256-88 

252-18 

226-81 

214-94 

210-99 

7  9 

268  093 

261-12 

256-30 

230-66 

218-50 

214-47 

8  0 

272-383 

266-30 

260-40 

234-26 

221-99 

217-91 

8  8 

276-607 

269-41 

264-44 

287-88 

225-48 

221-29 

8  6 

280-766 

273-47 

268-41 

241-46 

228-82 

224-61 

8  9 

284-865 

277-46 

272-83 

244-98 

232-17 

227*89 

9  0 

288-906 

281-89 

276-19 

248-46 

236-46 

281-12 

9  8 

292-897 

285-28 

280-00 

251-89 

288-71 

284-31 

9  6 

296-823 

289-11 

288-76 

255-27 

241-91 

287-46 

9  9 

300-703 

292-88 

287-47 

258-60 

245-07 

240-66 

10  0 

304-534 

296-62 

291-13 

261-90 

248-19 

248-63 

10  8 

308-317 

300-30 

294-75 

265-16 

251-28 

245-65 

10  6 

312-054 

803-94 

297-32 

268-87 

264-32 

249-64 

10  9 

315-747 

807-54 

301-85 

271-54 

267-83 

292-60 

11  0 

319-398 

311-09 

305-84 

274-68 

260-31 

266-62 

11  3 

823-007 

314-61 

308-79 

277-79 

262-26 

268-41 

11  6 

326-676 

318-09 

312-21 

280-86 

266-16 

261-26 

11  9 

330-107 

321-52 

315-58 

283-89 

269-04 

264-09 

12  0 

383-600 

324-98 

818-92 

286-90 

271-88 

266-88 

12  8 

837-057 

328-29 

822-23 

289-87 

274-70 

269-65 

12  6 

840-479 

381-63 

325-50 

292-81 

277-49 

272-38 

12  9 

343-867 

384-93 

328-74 

296-73 

280-26 

276-09 

13  0 

347-222 

338-19 

831-94 

298-61 

282-99 

277-78 

13  3 

350-545 

341-43 

385-12 

301-47 

285-69 

280-44 

13  6 

353-836 

344-64 

338-27 

304-30 

288-38 

288-07 

13  9 

357-097 

347-81 

841-89 

307-10 

291-08 

285-68 

14  0 

360-329 

350-96 

844-47 

309-88 

293-67 

288-26 

14  6 

366-707 

857-17 

350-57 

816-37 

298-87 

293-37 

15  0 

872-976 

863-28 

356-57 

320-76 

303-98 

298-38 

15  6 

879141 

869-28 

862-46 

826-06 

309-00 

303-31 

16  0 

385-208 

87619 

868-26 

831-28 

313-94 

80817 

16  6 

891-181 

881-01 

373-97 

886-42 

818-81 

812-94 

17  0 

897-063 

386-74 

379-50 

341-47 

828-61 

317-65 

ORIFICES,   WEIRS,  PIPES,  AND  RIVERS. 
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TABLE  n.—BM'Andmg  iht  VeloeUimfnm  ih4  AUUude$,  and  the  AUUudeifrom  iks 
r«lo0tti«f.— Altitudes  6  feet  6  inches  to  17  feet. 


1 

discbarge  in  inches  per  second. 

1. 

olil 

^-^i 

«g 

!-s 

>t 

^-i 

>  T.  "^ 

?2| 

^=1 

ii^ 

III 

Pi 

|l 

^  \\m 

II 1 

«5  e  J 

II  1 

^•"1 

^ 

158*09 

150-41 

141-88 

139*85 

136*86 

131*90 

6 

6 

161-65 

153-80 

145-02 

142-48 

139*94 

134*86 

5 

9 

16512 

157-10 

148-14 

145-55 

142-95 

137*76 

6 

0 

168-58 

160-84 

151-19 

148-55 

145-90 

140*60 

6 

3 

171-87 

168-52 

154-19 

151-49 

148-79 

148-39 

6 

6 

17514 

166-68 

157  18 

154-37 

151-62 

14612 

9 

178-86 

169-69 

160-01 

157-21 

154-40 

148-80 

0 

181-51 

172-69 

162-84 

159-99 

157-14 

151*43 

3 

184-61 

175-65 

165-62 

162-72 

159-82 

154-02 

6 

187-67 

178-55 

168-86 

165-41 

162-46 

156-57 

9 

190-67 

181-41 

171-06 

168-06 

165-06 

15907 

8 

0 

193-62 

184-22 

173-71 

170-67 

167-62 

161-54 

8 

3 

196-54 

186-99 

176-32 

178-28 

170-14 

168-97 

8 

6 

199-41 

189-72 

178-90 

175*76 

172-68 

166-36 

8 

9 

202-28 

192-41 

181-43 

178*26 

175-08 

168-72 

9 

0 

205-02 

195  07 

188-94 

180-71 

177-49 

171-05 

9 

8 

207-78 

197-68 

186-40 

183-14 

179-87 

173-34 

9 

6 

210-49 

200-27 

188-84 

185-53 

182-23 

175-61 

9 

9 

21317 

202-82 

191-25 

187-90 

184-55 

177-85 

10 

0 

215-82 

205-34 

193-62 

190-23 

186-84 

180-06 

10 

3 

218-44 

207-83 

195*97 

192-54 

189-10 

182-24 

10 

6 

221-02 

210-29 

198-29 

194-82 

191-34 

184-40 

10 

9 

223-58 

212-72 

200-58 

197  07 

193-55 

186-58 

11 

0 

226-10 

215-12 

202-85 

199-30 

195-74 

188-64 

11 

S 

228-60 

217-50 

205  09 

201-50 

197-91 

190*72 

11 

6 

231-07 

219-85 

207-81 

203-68 

200-04 

192-78 

11 

9 

233-52 

22218 

209-60 

205-88 

202-16 

194*82 

12 

0 

285-94 

224-48 

211-67 

207-96 

204-26 

196*84 

12 

3 

238-84 

226-76 

218-82 

210-08 

206-38 

198-84 

12 

6 

240-71 

229-02 

216-95 

212-17 

208-38 

200-82 

12 

9 

248-06 

281-25 

218  06 

214-24 

210-42 

202-78 

13 

0 

245-88 

288-46 

220-14 

216*29 

212-48 

204-72 

18 

8 

247-69 

285-65 

222*21 

218*32 

214-42 

206-64 

18 

6 

249-97 

287-88 

224-26 

220*83 

216-40 

208-54 

18 

9 

252-28 

239-98 

226-29 

222*32 

218-36 

210-43 

14 

0 

256-70 

244-28 

230-29 

226*26 

222-22 

214-16 

14 

6 

261-08 

248-40 

234-28 

230*13 

226-02 

217-82 

15 

0 

265-40 

252-61 

238  10 

233 -98 

229-76 

221-42 

15 

6 

269-65 

256-55 

241-91 

237-67 

233-44 

224-96 

16 

0 

278-83 

260-58 

245-66 

241-36 

237*06 

228-46 

16 

6 

277-94 

264*44 

249*36 

244*99 

240*62 

231-89 

17 

0 

— 

-  — - 

J^l 

e 
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TBE  DISCHARGE  OF  WATER  FROM 


TABLE  II,-IbrJlmdina  th^  VelocUieifrom  ike  AUUmdsi,  and  the  JUihide$from  the 
VelocUie$.—AltiUxdtB  17  feet  6  inches  to  40  feet 


1 

discharge  in  inches  per  second. 

Aii 

-o'A 

*o'7St  g 

^"^i 

-o-.g 

r-i 

p 

2.    Values 

V  =  27  077 

Coefficients  • 

II  1 

11^ 

6.    Valuee 
V  =  22  657 
Coefficient 

17 

■ 
6 

402-860 

392-39 

885  13 

346-46 

828 -88 

322-29 

18 

0 

408-575 

397-95 

390-60 

851-37 

832-99 

326-86 

18 

6 

414-211 

403-44 

395-99 

356-22 

387-58 

831-37 

19 

0 

419-772 

408-86 

401-30 

86100 

34211 

335-82 

19 

6 

425-258 

414-20 

406-55 

365-72 

346-59 

340-21 

20 

0 

430-676 

419-48 

411-73 

370-38 

351  00 

844-54 

20 

6 

436*026 

424-69 

416-84 

874-98 

856-86 

848-82 

21 

0 

441-311 

429-84 

421-89 

879-53 

859-69 

858  05 

21 

6 

446-534 

434-92 

426-89 

884  02 

363 -93 

357-23 

22 

0 

451-697 

439-95 

431-82 

388-46 

36813 

361-36 

22 

6 

456-801 

444-92 

436-70 

392-85 

372-29 

866-44 

23 

0 

461-848 

449-84 

441-53 

89719 

376-41 

869-48 

23 

6 

466-841 

460-70 

446-30 

401-48 

380*48 

378*47 

24 

0 

471-782 

459-52 

45102 

405-73 

384-60 

877*43 

24 

6 

476-671 

464-28 

455-70 

409-94 

388*49 

381*84 

25 

0 

481-510 

468-99 

460-32 

41410 

392-43 

885*21 

25 

6 

486-301 

473-66 

464-90 

418-22 

396-34 

889*04 

26 

0 

491-046 

478-28 

469-44 

422-30 

400-20 

392-84 

26 

6 

495-745 

482-86 

473-93 

426-34 

404  03 

396-60 

27 

0 

500-400 

487-89 

478-38 

430-34 

407*83 

400-32 

27 

6 

505-012 

491-88 

482-79 

434-31 

411-58 

404-01 

28 

0 

509-582 

496-33 

487  16 

438-24 

415-31 

407-67 

28 

6 

514-112 

500-75 

491-49 

442-14 

419-00 

411-29 

29 

0 

518-602 

505-12 

496-78 

446  00 

422-66 

414-88 

29 

6 

528-054 

509-45 

600-04 

449-83 

426-29 

418-44 

80 

0 

527*468 

513-75 

604-26 

453-62 

429*89 

421-97 

30 

6 

531-845 

518-02 

608-44 

457-31 

433*45 

425-48 

81 

0 

536-187 

522-25 

612-59 

461 -J  2 

436*99 

428-95 

81 

6 

540-494 

526-44 

616-71 

464-82 

440-50 

432-40 

32 

0 

544-767 

530-60 

620-80 

468-50 

443-98 

485*81 

32 

6 

549-006 

534-73 

524-85 

472-15 

447-44 

439*20 

88 

0 

553-213 

538-83 

628-87 

475-76 

450*87 

442-57 

83 

6 

557*888 

542-90 

532-86 

479-35 

454*27 

445-91 

84 

0 

561-582 

546-93 

636-83 

482-92 

457*65 

449-23 

84 

6 

565-646 

550-94 

640-76 

486-46 

461-00 

452-52 

85 

0 

569-780 

554-92 

544*66 

489-97 

464-33 

455-78 

36 

0 

577-812 

562-79 

652-89 

496-92 

470-92 

462*25 

87 

0 

585-782 

570-55 

660-01 

503-77 

477-41 

468-63 

88 

0 

593-646 

578-21 

567-53 

510-54 

483-82 

474-92 

39 

0 

601-406 

585-77 

574-94 

517-21 

490-15 

481*12  1 

40 

0 

609  067 

593-23 

682-27 

523-80 

496*39 

487-25 

IgTi 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS. 
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TABLE  IT.-^ForJtndmg  tU  VeloeUutfrom  ths  AUUude$,  and  ths  Altitudes  from  the 
Ftf^oc&iM.— Altitudes  17  feet  6  inches  to  40  feet 


. 

discharge  in  inches  per  second. 

1 

at 

~--p 

"Slii 

viii 

l^sg 

^lii 

l^iS 

III 

III 

Values 
17-458 
idont  - 

Valuei 
17158 
icient - 

Values 
16-847 
icient  - 

8aL 

l1 

1^  »  o 

ad  »  J 

11  1 

>  1 

:^'.i 

a"^ 

^ 

282  00 

268-30 

253-00 

248-66 

244-84 

236-27 

17  6 

286  00 

272-11 

256-69 

262-09 

247-60 

288-61 

18  0 

289-95 

275-86 

260-12 

266-67 

251-01 

241-90 

18  6 

293-84 

279-57 

263-32 

269-00 

264-88 

246-14 

19  0 

297-68 

283-22 

267-06 

262-38 

257-71 

248-36 

19  6 

801-47 

286-83 

270-46 

266-73 

260-99 

261-51 

20  0 

806-22 

290-89 

278-82 

269-03 

264-23 

264-64 

20  6 

808-92 

293-91 

277-08 

272-28 

267-37 

257-67 

21  0 

312-57 

297-39 

280-42 

275-61 

270-60 

260-78 

21  6 

816-19 

300-88 

283-67 

278-70 

273-73 

263-79 

22  0 

819-76 

804-23 

286-87 

281-85 

276-82 

266-77 

22  6 

823-29 

307-59 

290  04 

284-96 

279-88 

269-72 

23  0 

826-79 

810-92 

293-18 

288-04 

282-91 

272-64 

23  6 

830-25 

314-21 

296-28 

291-09 

285-90 

276-62 

24  0 

833-67 

817-46 

299-85 

294-11 

288:86 

278-38 

24  6 

837  06 

320*69 

802-39 

297-09 

291-80 

281-20 

25  0 

340-41 

823-88 

805-40 

300-06 

294-70 

284-00 

25  6 

343-73 

327-04 

808-88 

802-98 

297-57 

286-77 

26  0 

847-02 

830  17 

811-33 

806-87 

300-42 

289-52 

26  6 

360-28 

333-13 

314-25 

308-75 

303-24 

292-23 

27  0 

863-61 

336-34 

817  16 

311-59 

306-04 

294-93 

27  6 

856-71 

389-88 

320-02 

814-41 

308-81 

297-60 

28  0 

869-88 

342-40 

822-86 

317-20 

811-66 

800-24 

28  6 

363  02 

845-89 

325-68 

319-98 

314-27 

802-86 

29  0 

366-14 

348-86 

328-48 

322-72 

316-97 

806-46 

29  6 

869-23 

351-29 

331-25 

825 -45 

319-65 

308-04 

30  0 

372-29 

854-21 

334-00 

828-15 

822-30 

310-60 

30  6 

875-33 

367-10 

336-73 

380-88 

324-93 

313-13 

31  0 

878 -35 

869-97 

839-43 

838-48 

827-54 

316-60 

31  6 

881-34 

362  81 

842-11 

886-12 

830-13 

318-14 

82  0 

384-30 

865-64 

844-78 

338-74 

332-70 

320-62 

82  6 

887-25 

368-44 

847-42 

841 -83 

385-25 

828-08 

S3  0 

39017 

371-22 

860-04 

843  01 

837-78 

825-61 

83  6 

398-07 

373-98 

852-64 

846-47 

840-29 

827-93 

84  0 

395-95 

376-72 

856-23 

349-00 

342-78 

830-84 

34  6 

898-81 

379-44 

357-79 

351-52 

845-26 

882-72 

85  0 

404-47 

884-82 

862-87 

856-61 

860-15 

337-44 

86  0 

410-05 

890-13 

367-87 

361-43 

864  98 

842-10 

87  0 

415-55 

895-37 

372-81 

866-28 

869-75 

346-69 

38  0 

420-98 

400-64 

377-68 

371-11 

864-45 

851-22 

89  0 

426-85 

405-64 

382-49 

375-79 

369  09 

866-70 

40  0 
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TABLE  IIL—Squan  Soottfbr  JUidimg  tiU  ^eeU  qt  ^  F«2ooJ«sr  <f  ApprwuA  «&«» 
tk«OfyU«i$gmaUiMyroporiUmtcih«S0ai.  AltoforJImdiagat  Incrta9emtk9 
J)i$eharg«from  an  Inonmtt  tfStoA.     (8m  pp.  91  to  W). 


No. 

Square 
root 

No. 

Sqoare 
root 

1 

No. 

Square 
root 

No. 

Square 
root 

1000 

1-0000 

1115 

1-0569 

1-475 

1-2141 

1-976 

1-4058 

1001 

10006 

1120 

1-0683 

1-49 

1-2207 

1-99 

1-4107 

1002 

1-0010 

1126 

1-0607 

1-6 

1-2247 

200 

1-4142 

1-004 

1-0020 

118 

1-0680 

1-61 

1-2288 

201 

1-4177 

1-006 

1-0025 

1-185 

10664 

1-526 

1-2849 

2-026 

1-4230 

1006 

1-0080 

1-14 

1-0677 

1-64 

1-2410 

2-04 

1-4283 

1-008 

1-0040 

1145 

10700 

1-66 

1-2460 

2-05 

1-4318 

1-009 

1-0044 

1-15 

1-0723 

1-56 

1-2490 

;  2-06 

1-4353 

1-010 

1-0050 

1-165 

10747 

1-676 

1-2650 

2-076 

1-4405 

1-011 

1-0066 

116 

10770 

1-68 

1-2570 

209 

1-4457 

1012 

1-0060 

1-166 

1-0794 

1-59 

1-2610 

210 

1-4491 

1014 

1-0070 

1-17 

1-0817 

1-6 

1-2649 

2-11 

1*4626 

1015 

10075 

1-176 

1-0840 

1-61 

1-2689 

2-125 

1-4677 

1016 

1-0080 

118 

1-0863 

1-626 

1-2748 

214 

1-4629 

1-018 

1-0090 

1-186 

10886 

1-64 

1-2806 

2-16 

1-4668 

1-019 

1-0095 

1-19 

1-0909 

1-66 

1-2846 

2-16 

1-4697 

1020 

1-0100 

1-196 

1-0982 

1-66 

1-2884 

2-175 

1-4748 

1-0225 

1-0112 

1-2 

1-0954 

1-675 

1-2942 

2-19 

1-4799 

1-026 

10124 

1-21 

1-1000 

1-69 

1-3000 

2-2 

1-48S2 

1-0275 

1-0187 

1-22 

11045 

1-7 

1-3038 

2-21 

1-4866 

103 

1-0149 

1-23 

11091 

1-71 

1-3077 

2-226 

1-4916 

1-0325 

10161 

1-24 

1-1136 

1-726 

1-3134 

2-24 

1-4967 

1-035 

10174 

1-25 

1-1180 

1-74 

1-3191 

2-26 

1-6000 

1-0875 

1-0186 

1-26 

11226 

1-76 

1-3229 

2-26 

1-5038 

1-04 

1-0198 

1-27 

1-1269 

1-76 

1-3267 

2-276 

1-5088 

10426 

1-0210 

1-28 

1-1814 

1-776 

1-8323 

2-29 

1-6188 

1-046 

10223 

1-29 

1-1368 

1-79 

1-3379 

2-3 

1-6166 

10476 

1-0235 

1-80 

1-1402 

1-80 

1-3416 

2-31 

1-5199 

1-05 

10247 

1-31 

1-1446 

1-81 

1-3464 

2-325 

1-5248 

1-065 

1-0271 

1-325 

11611 

1-826 

1-3609 

2-34 

1-5297 

1-06 

1-0296 

1-34 

1-1576 

1-84 

1-3565 

2-86 

1-6830 

1-065 

10320 

1-35 

1-1619 

1-86 

1.3601 

2.86 

1*5862 

1-07 

1-0344 

1-36 

1-1662 

1-86 

1-3638 

1  2-376 

1-6411 

1075 

1-0868 

1-376 

1-1726 

1-876 

1-3693 

!  2-39 

1-6460 

1-08 

10892 

1-39 

11790 

1-89 

1-3748 

1  2-4 

1-5492 

1-085 

1-0416 

1-40 

1-1832 

1-9 

1-8784 

'  2-41 

1-6624 

1-09 

10440 

1-41 

1-1874 

1-91 

1-3820 

2-425 

1-5572 

1-095 

10464 

1-425 

11937 

1-925 

1-8875 

,  2-44 

1-5621 

1-1 

1-0488 

1-44 

1-2000 

1-94 

1-3928 

2-46 

1-5662 

1-106 

10512 

1-45 

1-2042 

1-95 

1-3964 

2-46 

1*5684 

1110 

10686 

1-46 

1-2088 

1-96 

1-4000 

2-476 

1-6787 
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TABLE  IIL— Square  Boot*  for  Jindinff  the  ^wU  qf  ike  VeloeUy  qf  Approaek  wkm 
the  Or^flee  i*  emaU  i»  proportion  to  the  Mead.  AUoforJlnding  the  inereaee  ian  the 
Dieehargefnm  an  inereaee  qfSead,     (See  pp.  91  to  99.) 


No. 

Square 
root 

No. 

Square 
root 

No. 

Square 
root. 

No. 

Square 
root. 

2-49 

1-6780 

3-0000 

1-7321 

4-5 

21213 

26 

6  0990 

2-5 

1-6811 

3026 

1-7898 

6-0 

2-2361 

27 

6-1962 

2-51 

1-6843 

3-06 

1-7464 

5-5 

2-3462 

28 

5-2915 

2-525 

1-6890 

3075 

1-7636 

6-0 

2-4496 

29 

6-8862 

2-54 

1-5987 

3-1 

1-7607 

6-5 

2-6495 

30 

6-4772 

2-56 

1-6969 

3-125 

1-7678 

70 

2-6458 

81 

6-6678 

2-56 

1-6000 

3-15 

1-7748 

7-5 

2-7886 

32 

6-6569 

2-575 

1-6047 

3176 

1-7819 

80 

2-8284 

33 

5-7446 

2-59 

1-6093 

3-2 

1-7889 

8-5 

2-9156 

34 

6-8810 

2-6 

1-6125 

3-225 

1-7968 

9  0 

3-0000 

35 

6-9161 

2-61 

1-6155 

3-26 

1-8028 

9-6 

3-0822 

36 

6  0000 

2-625 

1-6202 

3-275 

1-8097 

10-0 

3-1623 

37 

60828 

2-64 

1-6248 

8-3 

1-8166 

10-5 

2-2404 

38 

6  1644 

2-65 

1-6279 

3-325 

1-8236 

11-0 

8-3166 

39 

6-2460 

2-66 

1-6810 

8-35 

1-8303 

11-5 

8-8912 

40 

6-8246 

2-675 

1-6355 

3-375 

1-8371 

120 

3-4641 

41 

6-4031 

2-69 

1-6401 

3-4 

1-8439 

12-6 

3-6366 

42 

6-4807 

2-7 

1-6432 

3-425 

1-8507 

13-0 

3-6066 

43 

6-6674 

2-71 

1-6462 

3-45 

1-8574 

18-5 

3-6742 

44 

6-6332 

2-726 

1-6508 

3-475 

1-8641 

14-0 

3-7417 

45 

6-7082 

2-74 

1-6658 

3-5 

1-8708 

14-5 

3-8079 

46 

6-7823 

2-75 

1-6683 

3-525 

1-8775 

15-0 

8-8730 

47 

6-8667 

2-76 

1-6613 

3-55 

1-8841 

15-5 

3-9870 

48 

6-9282 

2-775 

1-6668 

3-676 

1-8908 

16-0 

4-0000 

49 

7  0000 

2-79 

1-6703 

3-6 

1-8974 

16-5 

4-0620 

50 

7-0711 

2-8 

1-6733 

3-625 

1-9039 

17-0 

41231 

61 

71414 

2-81 

1-6768 

3-65 

1-9106 

17-5 

4-1833 

62 

7-2111 

2-825 

1-6808 

3-675 

1-9170 

18  0 

4-2426 

68 

7-2810 

2-84 

1-6862 

3-7 

1-9235 

18-5 

4-3012 

64 

7-8486 

2-85 

1-6882 

3-725 

1-9300 

19-0 

4-3689 

65 

7-4162 

2-86 

1-6912 

3-75 

1-9365 

19-5 

4-4169 

66 

7-4883 

2-875 

1-6966 

3-775 

1-9429 

20-0 

4-4721 

67 

7-6498 

2-89 

1-7000 

8-8 

1-9494 

20-5 

4-6277 

68 

7-6168 

2-9 

1-7029 

3-825 

1-9668 

21-0 

4-6826 

59 

7-6811 

2-91 

1*7069 

3-85 

1-9621 

21-6 

4-6368 

60 

7-7460 

2-925 

1-7103 

3-876 

1-9685 

22-0 

4-6904 

61 

7-8102 

2-94 

1-7146 

3-9 

1-9748 

22-5 

4-7434 

62 

7-8740 

2-95 

1-7176 

3-926 

1-9812 

23-0 

4-7968 

68 

7-9873 

2-96 

17205 

8-95 

1-9875 

23-6 

4-8477 

64 

8  0000 

2-975 

1-7248 

3-975 

1-9938 

24-0 

4-8990 

66 

8-0623 

2-99 

1-7292 

4-0 

2-0000 

25-0 

60000 

66 

8-1240 
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TABLB  IV.'-F^ ^findimg  the  iXw&avytf  throti^k  Xeetamyular  Orifleet:  w  wl^h 
«=j.  AUofar^ndiMgikt^«eUqftUreloeUf<fApjm)aehtoWeh^aadik* 
Deprmicm  tm  tks  Orut.     (See  pp.  91  to  9».) 


l+n. 

1.1. 

a+»)*. 

(l+»)f-^i 

l+n. 

«t 

a +».)*• 

1 

1000 

-0000 

10000 

1^0000 

1115 

•0890 

1-1774 

1-1884 

1001 

•0000 

10015 

10015 

1120 

•0416 

11853 

11437 

1-002 

•0001 

1-0030 

1^0029 

1125 

•0442 

11932 

11491 

1-004 

•0008 

1-0060 

10058 

118 

•0469 

1-2012 

1-1548 

1005 

-0004 

10075 

10072 

1-186 

•0496 

1-2092 

11596    ! 

1-006 

•0006 

10090 

10086 

1-14 

-0624 

1-2172 

1-1648    1 

1-008 

•0007 

1-0120 

10118 

1-145 

•0562 

1-2251 

11700 

1-009 

-0009 

10135 

10127 

115 

•0681 

1-2332 

11751 

1-010 

-0010 

1-0150 

1^0140 

1-166 

•0610 

1-2413 

11803 

1011 

-0012 

l-0i65 

10154 

116 

•0640 

1-2494 

1-1854    1 

1-012 

•0013 

10181 

10167 

1165 

•0670 

1-2574 

1-1904 

1-014 

•0017 

1-0211 

1^0194 

1-17 

•0701 

1-2665 

1-1965    1 

1016 

•0018 

1-0226 

1-0207 

1175 

•0732 

1-2787 

1-2005 

1016 

•0020 

10241 

1-0221 

118 

•0764 

1-2818 

1-2054 

1-018 

•0024 

10271 

1-0247 

1-186 

•0796 

1-2900 

1-2104 

1-019 

•0026 

1-0286 

1-0260 

1-19 

•0828 

1-2981 

1-2153 

1020 

-0028 

1-0301 

1-0273 

1-195 

•0861 

13063 

1-2202 

10226 

-0034 

1-0339 

1-0306 

1-2 

-0894 

13145 

1-2251 

1-025 

•0040 

1-0377 

1-0338 

1-21 

-0962 

1^3810 

1-2348 

10275 

•0046 

1-0415 

10870 

1-22 

•1032 

1-3475 

1-2443 

103 

•0062 

1-0463 

10401 

1-28 

•1103 

1-3641 

1-2538 

10325 

•0059 

1-0491 

1-0483 

1-24 

•1176 

1-8808 

1-2632 

1036 

•0065 

1-0630 

1-0464 

1-25 

•1250 

1-3975 

1-2725 

10376 

•0073 

1-0668 

1-0495 

1-26 

•1326 

1-4143 

1-2818 

104 

•0080 

1-0606 

1-0626 

1-27 

•1403 

1-4312 

1-2909 

1-0425 

•0088 

1-0644 

1-0657 

1-28 

•1482 

1-4482 

1-3000 

1-046 

•0096 

10683 

1-0687 

1-29 

-1562 

1-4662 

1-3090 

10475 

•0104 

1^0721 

1-0617 

1-30 

-1643 

1-4822 

1-3179 

1-05 

•0112 

1-0769 

1-0648 

1-31 

•1726 

1-4994 

1-3268 

1065 

•0129 

1-0836 

1-0707 

1-325 

•1863 

1-6252 

1-3399 

1-06 

•0147 

1-0913 

1-0766 

1-34 

•1983 

1-6512 

1-3529 

1065 

•0166 

1-0991 

1-0825 

1-85 

•2071 

1-5686 

1-3615 

1-07 

-0185 

1-1068 

10883 

1-36 

•2160 

1-6860 

1-3700 

1075 

-0205 

1-1146 

1-0940 

1-375 

•2296 

1-6123 

1-3827 

1-08 

•0226 

1-1224 

1-0997 

1-39 

•2436 

1-6388 

1-3952 

1085 

•0248 

1-1302 

1-1054 

1-40 

•2630 

1-6665 

1-4035 

109 

•0270 

11880 

11110 

1-41 

•2626 

1-6743 

1-4118 

1-095 

•0298 

11458 

11166 

1-425 

•2771 

1-7011 

14240 

11 

•0316 

11537 

1-1221 

1-44 

•2919 

1-7280 

14861 

1105 

•0840 

11616 

11275 

1-45 

•8019 

1-7460 

14442 

1110 

•0865    11695 

11380 

1-46 

-8120 

1-7641 

14521 

Values  of  »  from  0  to  -46. 
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TABLE  ZV.—For  finding  the  IH$ekaiy«  through  lUetangular  Orifice*;  in  iehich 
«  =  ^  Aleo  for  finding  the  ^eet$  qf  the  VeloeUy  </  Approach  to  Weir$,  Sre. 
(Bee  pp.  91  to  09.) 


l+n. 

ny 

a+»)'. 

aW-»* 

l  +  i». 

»i 

a+«)*. 

(1 +!•)*- »♦. 

1-475 

-3274 

1-7914 

1-4640 

'  1-975 

-9627 

2-7766 

1-8128 

1-49 

-3430 

1-8188 

1-4758 

jl-99 

-9850 

2-8072 

1-8222 

1-6 

-3536 

1-8371 

1-4836 

'2-         1-0000 

2-8284 

1-8284 

1-61 

-3642 

1-8565 

1-4918 

,2-01 

1-0160 

2-8497 

1-8346 

1-526 

-3804 

1-8832 

1-6028 

1  2-025 

1-0377 

2-8816 

1-8439 

1-64 

-3968 

1-9111 

1-5143 

'204 

1-0606 

2-9137 

1-8581 

1-56 

-4079 

1-9297 

1-5218 

2-05 

1-0769 

2-9362 

1-8592 

1-56 

•4191 

1-9484 

1-5294 

2-06 

1-0913 

2-9567 

1-8653 

1-675 

-4360 

1-9766 

1-6406 

1  2  076 

11146 

2-9890 

1-8744 

1-58 

-4417 

1-9860 

1-5443 

209    1-1380 

3-0215 

1-8835 

1-59 

-4532 

20049 

1-6617 

210    1-1637 

3-0432 

1-8895 

1-6 

-4648 

2-0239 

1-5691 

12-11    ill696 

3  0660 

1-8955    t 

1-61 

•4764 

2-0429 

1-5664 

12125  11932 

3-0977 

1-9045    1 

1-625 

-4941 

2-0715 

1-5774 

214 

1-2172 

31306 

1-9134    1 

1-64 

-5120 

21002 

1-5882 

215 

1-2332 

31625 

1-9193    I 

1-65 

-5240 

21195 

1-5954 

216 

1-2494 

31745 

A -9252 

1-66 

-6362 

2-1388 

1-6026 

2175 

1-2737 

3-2077 

1-9340 

1-676 

•5646 

2-1678 

1-6132 

2-19 

1-2981 

3-2409 

1-9428    1 

1-69 

-6732 

2  1970 

1-6238 

2-2 

1-8145 

8-2631 

1-9486 

1-7 

•5857 

2-2165 

1-6809 

2-21 

1-3310 

3-2864 

1-9644 

1-71 

•6988 

2-2361 

1-6379 

2-225 

1-3568 

3^3189 

1-9631 

1-725 

•6173 

2-2656 

1-6483 

2-24 

1-3808 

3-3525 

1-9717 

1-74 

•6366 

2-2952 

1-6586 

2-25 

1-3975 

3-3750 

1-9776 

1*75 

•6495 

2-3160 

1-6666 

2-26     1-4143 

3-3975 

1-9832 

1-76 

•6626 

2-3349 

1-6724 

2-275  11-4397 

3-4314 

1-9917 

1-775 

•6823 

2-3648 

1-6826 

2-29    1-4652 

8-4654 

2-0002 

1-79 

•7022 

2-3949 

1-6927 

2-3      il-4822 

3-4881 

2-0069 

1-80 

•7155 

2-4150 

1-6994 

231    1-4994 

8-6109 

2-0116 

1-81 

•7290 

2-4351 

1-7061 

2-326  11-6262 

3-6461 

2-0200 

1-825 

•7493 

2-4654 

1-7161 

2-84 

1-5512 

8-6795 

2-0284 

1-84 

-7699 

2-4959 

1-7260 

2-35 

1-6686 

3-6026 

2-0339 

1-85 

•7837 

2-6163 

1-7326 

2-86 

1-5860 

3-6255 

2-0395 

1-86 

•7975 

2-6367 

1-7392 

2-876 

1-6123 

3-6601 

2-0478 

1-875 

•8185 

2-6674 

1-7490 

2-39 

1-6888 

3:6948 

2-0561 

1-89 

•8396 

2-5983 

1-7587 

2-4 

1-6666 

3-7181 

2-0616 

1-9 

•8538 

2-6190 

1-7662 

241 

1-6743 

3-7413 

2-0670 

1-91 

•8681 

2-6397 

1-7716 

2^425 

1-7011 

3-7763 

2-0752 

1-925 

•8896 

2-6709 

1-7818 

2-44    ,1-7280 

3-8114 

2-0834 

1-94 

•9114 

2-7021 

1-7907 

2-45    1-7460 

3-8349 

2-0888 

1-95 

•9259 

2-7230 

1-7971 

2-46    11-7641 

3-8584 

2-0942 

1-96 

•9406 

2-7440 

1-8034 

2-476  1-7914 

8-8937 

2-1028 

Vail 

\m  of  fi  from 

•475  to  1-476           [Consumed 

on  next  page. 

, 

o 
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TABLE  IV.-ToT  finiimg  tU  Ditckmyt  tkromgk  lUetamfulm'  OryfUm:  »  •*«* 
*  ■  rf-  ^^  for  finding  tk4  ^mU  <ftk4  VUodty  nf  Afffoek  to  Wein,  4^. 
(See  pp.  »1  to  99.) 


1  +». 

nl 

(l+n)*. 

(l+*)l_H,f 

l+«. 

ni 

(I  +  m)i 

(i+,)l— ,1 

2-49 

1-8188 

3-9292 

2-1104 

3* 

2-8284 

6-1962 

2-8677 

2-5 

1-8871 

8-9528 

2-1157 

3*025 

2*8816 

5-2612 

2-3796 

2-51 

1-8555 

3-9766 

21211 

3-05 

2*9862 

5-3626 

2-3914 

2-525 

1-8832 

4-0123 

2-1291 

,  3-075 

2-9890 

5-8922 

2-4082 

2-64 

1-9111 1  4-0481 

21370 

,8-1 

8-0432 

5-4581 

2-4149 

2-55 

1-92971  40720 

21428 

13126 

3-0977 

5-5248 

2-4266 

2-56  1-9484  4-0960 

2  1476 

315 

3-1525 

5-6907 

2-4382 

2-675 

1-9766 

4-1321 

2-1554 

1  3-175 

8-2077 

6-6674 

2-4497 

2-59 

2-0049 

4-1682 

21638 

.3-2 

3*2681 

5-7248 

2-4612 

2-6 

20239 

4*1924 

2-1686 

,8-226 

3*3189 

5-7916 

2-4726 

2-61 

2  0429 

4-2166 

2-1737 

|8-26 

8-3760 

5-8590 

2-4840 

2-625 

2-0715 

4-2530 

2-1815 

13-276 

3-4314 

5-9268 

2*4953 

2-64 

2-1002 

4-2895 

2*1898 

|3-8 

3-4881 

5-9947 

2-5066 

2-65 

2-1195 

4-8139 

2-1944 

3-325 

3-5451 

6-0680 

2-6179 

2-66 

2-1888 

4-8383 

2-1996 

8-36 

3-6025 

6-1316 

2-6290 

2-675 

2-1678 

4-3751 

2-2078 

3-875 

3-6601 

6-2003 

2-5401 

2-69 

21970 

4-4119 

2-2149 

3-4 

3-7181 

6-2698 

2-5512 

2-7 

2-2165 

4-4366 

2-2200 

8-426 

3-7763 

6-8886 

2*5623 

2-71 

2-2361 

4-4612 

2-2251 

3-46 

3-8349 

6-4081 

2-5732 

2-725 

2-2656 

4*4983 

2-2827 

8-476 

3-8987 

6-4779 

2-5842 

2-74 

2-2952 

4*5355 

2-2408 

8-5 

3-9528 

6-6479 

2-5951 

2-75 

2-3150 

4-5604 

2-2458 

8-625 

4-0123 

6-6182 

2-6059 

2-76 

2-3349 

4-5853 

2-2504 

8-56 

4-0720 

6-6887 

2-6167 

2-775 

2-3648 

4*6227 

2-2579 

3-676 

4  1321 

6-7595 

2-6274 

2-79 

2-3949 

4-6602 

2-2654 

3-6 

4-1924 

6-8806 

2-6881 

2-8 

2-4150 

4-6858 

2-2708 

3-626 

4-2630 

6-9018 

2-6488 

2-81 

2-4351 

4-7104 

2-2758 

3*66 

4-3139 

6-9788 

2-6594 

2-825 

2-4654 

4-7482 

2*2827 

3*676 

4-8761 

7-0451 

2-6700 

2-84 

2-4959 

47861 

2*2902 

8-7 

4-4366 

7-1171 

2-6805 

2-85 

2-5168 

4-8114 

2-2951 

8*725 

4-4983 

7  1898 

2-6910 

2-86 

2-5867 

4-8867 

2-8000 

8-75 

4-6604 

7-2618 

2-7015 

2-875 

2-5674 

4-8748 

2-8074 

8-776 

4-6227 

7-8846 

2-7119 

2-89 

2-5983 

4-9130 

2-8147 

8-8 

4-6858 

7-4076 

2-7223 

2-9 

2-6190 

4;9386 

2-8196 

8-825 

4-7482 

7-4808 

2-7326 

2-91 

2-6897 

4*9641 

2-3244 

8-85 

4-8114 

7-6542 

27429 

2-925 

2-6708 

5-0025 

2-8817 

8-876 

4-8748 

7*6279 

27631 

2-94 

2-7021 

5*0411 

2*3889 

3-9 

4-9385 

7-7019 

27634 

2-95 

2-7230 

5*0668 

2-3488 

3*925 

5*0025 

7-7761 

2-7736 

2-96 

2-7440 

5-0926 

2-8486 

3*95 

5  0668 

7-8606 

2-7837 

2-975 

2-7756 

5-1313 

2-8558 

8-976 

5*1318 

7-9261 

2-7838 

2-99 

2-8072 

6-1702 

2*3680 

4- 

5  1962 

8- 

2-8038 

Values  of  u  from  1-40  to  & 


{OMim»ud0»iuaip0g9, 
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TABLE  ir.—For  JhtdiMfi  the  Ditekargt  through  SeetoMgular  Orifiee$;  m  tthiek 
n=--^  AUo  forjlnding  ike  ^ffwU  qf  tks  Vtloeitg  qf  Approach  to  Wein,  ^. 
(See  pp.  91  to  99.) 


l+n. 

A 

a+i")** 

a+»A-»V 

1 

.... 

A 

a+»)V 

(!+«)! -A 

4-5 

6-6479 

9-6459 

2-9980 

'  26- 

125-0000 

132-6746 

7-5745 

60 

8-0000 

11  1803 

31803 

27- 

182-6746 

140-2961 

7-7216 

5-5 

9-5469 

12-8986 

3-3627 

28- 

140-2961 

148-1621 

7-8660 

6-0 

11  1803 

14-6969 

3-5166 

29- 

148-1621 

156-1698 

8-0077 

6-5 

12-8986 

16-5718 

3-6732 

30- 

156-1698 

164-3168 

8-1470 

7-0 

14-6969 

18-6203 

8-8234 

31- 

164-3168 

172-6007 

8-2839 

7-5 

16-6718 

20-6396 

8-9678 

32- 

172-6007 

181-0198 

8-4186 

8-0 

18-6203 

22-6274 

4-1071 

33- 

1810193 

189-6706 

8-5513 

8-6 

20-6396 

24-7815 

4-2419 

34- 

189-6706 

198-2624 

8-6818 

9-0 

22-6274 

27-0000 

4-3726 

35- 

198-2624 

207  0628 

8-8104 

9-6 

24-7816 

29-2810 

4-4995 

36- 

207  0628 

216-0000 

8-9872 

10  0 

27-0000 

31-6228 

4-6228 

37- 

216-0000 

226-0622 

9-0622 

10-6 

29-2810 

34  0239 

4-7429 

38- 

226  0622 

234-2477 

9-1856 

u-o 

81-6228 

36-4829 

4-8601 

39- 

234-2477 

243-6649 

9-3072 

11-6 

34-0239 

38-9984 

4-9745 

40- 

243-5649 

252-9822 

9-4273 

12-0 

36-4829 

41-5692 

5-0863 

41- 

252-9822 

262-5281 

9-6459 

12-6 

38-9984 

44-1942 

6-1958 

42- 

262-5281 

272-1911 

9-6630 

180 

41-6692 

46-8722 

5-3030 

43- 

272-1911 

281-9699 

9-7788 

13-6 

441942 

49-6022 

6-4080 

44- 

281-9699 

291-8630 

9-8931 

14-0 

46-8722 

52-3832 

6-6110 

45- 

291-8680 

301-8692 

10-0062 

14-6 

49-6022 

65-2144 

5-6122 

46- 

301-8692 

311-9872 

10-1180 

160 

62-3832 

58-0947 

6-7115 

47- 

311-9872 

322-2158 

10-2286 

16-6 

66-2144 

61-0236 

6-8092 

48- 

322-2158 

832-5638 

10-8380 

160 

68-0947 

64- 

6-9053 

49- 

332-5538 

343-0000 

10-4462 

16-6 

61-0236 

67  0247 

6-0011 

60- 

343-0000 

363-5534 

.  10-6634 

17-0 

64- 

70-0928 

6-0928 

61- 

863-5634 

364-2128 

10-6694 

17-5 

670247 

73-2078 

6-1831 

52- 

364-2128 

374-9773 

10-7646 

180 

70-0928 

76-3675 

6-2747 

63- 

374-9773 

386-8468 

10-8686 

18-6 

73-2078 

79-6715 

6-3637 

54- 

385-8468 

396-8173 

10-9716 

190 

76-3676 

82-8191 

6-4516 

56- 

896-8173 

407-8909 

110736 

19-6 

79-5716 

86-1097 

6-6382 

66- 

407-8909 

419-0666 

111747 

200 

82-8191 

89-4427 

6-6236 

67- 

4190666 

430-3406 

11-2760 

20-6 

86-1097 

92-8177 

6-7080 

68- 

430-3406 

441-7148 

11-8742 

210 

89-4427 

96-2341 

6-7914 

69- 

441-7148 

453-1876 

11-4728 

21-5 

92-8177 

99-6914 

6-8737 

60- 

468-1876 

464-7680 

11-5704 

22-0 

96-2341 

103-1892 

6-9551 

61- 

464-7580 

476-4262 

11-6672 

22-6 

99-6914 

106-7269 

70365 

62- 

476-4252 

488-1886 

11-7633 

23- 

103-1892 

110-3041 

71149 

68- 

488-1885 

600-0470 

11-8585 

28-6 

106-7269 

113-9205 

7-1936 

64- 

500-0470 

512-0000 

11-9530 

24- 

110-3041 

117-5766 

7-2714 

65- 

6120000 

524-0468 

12-0468 

26- 

117-5766 

125- 

7-4246 

ee- 

624-0468 

536-1865 

12-1397 

Values  of  n  from  S'5  to  65. 
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TABLE  v.— Coefficient*  of  Diseharge  for  DifereHi  Baiiot  of  the  Ck4Mntul  io  tt« 
On/Ic«.— CoefficioDts  for  Heads  in  ttiU  water  550  and  '573.  See  equatioos 
(44)  and  (44a)  and  the  obeerrafciontf  thereon  at  p.  99. 


Coefficient '550  for  heada  in  stiU    1 

Coefficient  573  for  beada  in  stiU 

wator. 

water. 

Ratio 

of  the 

Ratio  of  the 

Coefficionta 

Coefficients 

Ratio  of  the 

Coefficients 

Coefficient! 

-hann^l 

height  due 
to  the  velo- 

for orifices : 

for  weirs : 

height  due 
to  the  vclo- 

for  orifices: 

for  weira : 

to  the 

the  heads 

the  heads 

the  heads 

the  heads 

orifice. 

city  of  ap- 

measured 

measured 

city  of  ap- 
proach to 

measured 

measured 

proach  to 

to  the 

thefuU 

to  the 

the  Am 

the  head. 

centres. 

depth. 

the  head. 

centres. 

depth. 

30- 

•000 

•550 

•550 

•000 

578 

•578 

20- 

•001 

•550 

•551 

•001 

678 

•574 

16- 

•001 

•550 

•651 

•001 

678 

•574 

lo- 

•008 

•651 

•652 

•003 

674 

•676 

g- 

•004 

•551 

•658 

•004 

574 

•676 

s' 

•005 

•661 

•654 

•005 

674 

•577 

7- 

•006 

•652 

•655 

•007 

675 

•578 

6- 

•008 

•552 

•557 

•009 

576 

•580 

6-5 

-010 

•553 

•568 

•Oil 

576 

•582 

1    50 

•012 

•553 

•559 

•018 

677 

•684 

1    4'S 

•015 

•564 

•662 

•016 

578 

•586 

1    4-0 

-019 

•565 

•666 

•021 

679 

•589 

1    3-75 

-022 

•556 

•666 

•024 

680 

•592 

,    3-50 

•025 

•557 

•669 

•028 

581 

•594 

8-25 

•029 

•658 

•672 

•082 

682 

•598 

'    30 

•035 

•659 

•676 

•088 

584 

•602 

i    2-75 

-042 

•561 

•580 

•045 

586 

•607 

1    2-50 

•051 

•564 

•586 

•056 

689 

•614 

2-25 

-064 

•667 

•594 

•069 

698 

•628 

2-00 

-082 

•572 

•606 

•089 

698 

•686 

1-95 

-086 

•578 

•609 

•094 

699 

•639 

1-90 

•091 

•576 

•612 

•100 

•601 

•648 

1-86 

■097 

•676 

•616 

•106 

603 

•647 

1-80 

•103 

•678 

•619 

•118 

604 

•661 

1-75 

•110 

•679 

•623 

•120 

•606 

•655 

1-70 

•117 

•581 

•627 

•128 

•609 

•660 

1-65 

•125 

•588 

•632 

•187 

•611 

•666 

1-60 

•134 

•586 

•637 

•147 

•614 

•671 

1-55 

•144 

•688 

•643 

•168 

•617 

•678 

•  1-50 

•155 

•591 

•649 

•171 

•620 

•685 

1-45 

•168 

•594 

•656 

•186 

•624 

•694 

1-40 

•183 

•598 

•664 

•201 

•628 

•708 

1-35 

•199 

•602 

•673 

•220 

•688 

•718 

1-30 

•218 

•607 

•688 

•241 

■688 

•724 

1-25 

•240 

•612 

•695 

•266 

645 

•737 

1-20 

•265 

•619 

•707 

•295 

•652 

•758 

115 

•297 

•626 

•728 

•330 

•661 

•770 

110 

•333 

•635 

•741 

•372 

671 

•791 

105 

•378 

•646 

•762 

•424 

684 

•816 

100 

•434 

•659 

•787 

•489 

•699 

•845 

See  the  auxiliary  tables,  pp.  104, 108,  and  111. 
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TABLE  r.-Coi^mcienit  of  Discharge  for  d^ereni  Raiiot  qf  the  Channel  to  the 
OrMM.-Coomcients  for  heads  in  stiU  water  584  and  '595.    See  equations  C44) 
<ind  (44a)  and  the  observations  thereon  at  p.  99. 

Coefficient  '584  for  heads  in  stiU     | 

Coefficient  -595  for  heads  in  still 

water. 

water. 

RaUoof 
the 

1 

Ratio  of 

Coefficients 

Coefficients 

Ratio  of     Coefficients   Coefficients 

channel 

the  height 

for  orifices : 

for  weirs: 

the  height 

for  orifices:    for  weirs: 

to  the 

due  to  the 

the  heads 

the  heads 

due  to  the 

the  heads     the  heads 

orifice. 

velocity  of 

measured 

measured 

velocity  of 

measured 

measured 

approach 

to  the 

the  full 

to  the  head. 

to  the 

the  full 

to  the  bead. 

centres. 

depth. 

centres. 

depth. 

30- 

•000 

•684 

•684 

•000 

•695 

•696 

20- 

•001 

•584 

•686 

•001 

•695 

•696 

15- 

•002 

•684 

•586 

•002 

•696 

•696 

10- 

•008 

•686 

•687 

•004 

•596 

•598 

9  0 

•004 

•685 

•688 

•004 

•696 

•699 

1-0 

•006 

•686 

•688 

•006 

•697 

•600 

7-0 

•007 

•686 

•690 

•007 

•697 

•601 

6-0 

•010 

•687 

•692 

•010 

•698 

•608 

5-6 

•Oil 

•687 

•598 

•012 

■699 

•605 

50 

•014 

•688 

•696 

•014 

•699 

•607 

4-5 

•017 

•689 

•698 

•018 

•600 

•610 

4-0 

•022 

•690 

•601 

•028 

•602 

•618 

8-75 

•026 

•691 

•604 

•026 

•603 

•616 

8-50 

•029 

•692 

•606 

•080 

•604 

•619 

8-26 

•083 

•694 

•610 

•086 

•605 

•622 

30 

•089 

•696 

•614 

•041 

•607 

•627 

2-76 

•047 

•698 

•620 

•049 

•609 

•688 

2-50 

•068 

•601 

•627 

•060 

•613 

•641 

2-25 

•072 

•606 

•687 

•075 

•617 

•661 

20 

•098 

•611 

•661 

•097 

•623 

•666 

1-95 

•099 

•612 

•654 

•103 

•626 

•669 

1-90 

•104 

•614 

•660 

•109 

•227 

•678 

1-85 

•111 

•615 

•662 

•116 

•628 

•678 

1-80 

•118 

•617 

•666 

•128 

•630 

•682 

1-75 

•125 

•620 

•671 

•181 

•633 

•687 

1-70 

•184 

•622 

•676 

•140 

•686 

•698 

1-66 

•148 

■624 

•682 

•149 

•688 

•699 

1-60 

•164 

•627 

•689 

•160 

•641 

•706 

1-65 

•166 

•681 

•696 

•173 

•644 

•718 

1-60 

•179 

•684 

•708 

■187 

•648 

•721 

1-46 

•194 

•638 

•712 

•202 

•652 

•730 

1-40 

•211 

•648 

•722 

•220 

•657 

•741 

1-85 

•280 

•648 

•782 

•241 

•663 

•752 

1-30 

•258 

•664 

•746 

•266 

•669 

•765 

1-25 

•279 

•661 

•769 

•293 

•677 

•780 

1-20 

■810 

•669 

•776 

•826 

•685 

•797 

116 

•348 

•678 

•794 

•866 

•695 

•818 

1-10 

•898 

•689 

•816 

•414 

•707 

•842 

105 

•448 

•708 

•842 

•478 

•722 

•870 

1-00 

•618 

•719 

•874 

•648 

•740 

•905 

See  the  auxiliary  tables,  pp.  104, 106,  ftod  lit 
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TABLE  r.^CoMeienU  of  Ditekaros  fir  a^ttmt  BaHot  <f  fiU  CkoMui  to  ih« 
OtMm. —Coefficients  for  headi  m  stiU  water  -006  and  -til.  See  equationa  (44) 
and  (44a)  and  the  obeervationa  Uiereoii  at  p.  M. 


Ooefficient  -M«  for  heads  in 

Ooeffidant-eiT  for  heads  in        I 

Stillwater. 

Stillwater. 

Ballo 

of  the 

Ratio  of 

Coefficients 

CoefBcisBts 

Ratio  of 

Coefficients  Coeffidants 

channel 

the  height 

for  orifices 

the  height 
duetoihe 

for  orifices:   forweiis: 

to  the 

due  to  the 

the  heads 

the  heads 

theheads     thebeads 

orifice. 

velocity  of 

measured 

measorsd 

▼elod^ef 

apinxMch 

to  the 

theftiU 

to*Seh!^ 

to  the          the  foil 

to  the  head 

centres. 

depth. 

centres.         depth. 

80- 

•000 

•606 

•606 

•000 

•617 

•617 

20- 

•001 

•606 

•607 

•001 

•617 

•618 

16- 

•002 

•607 

•607 

•002 

•618 

•619 

10- 

•004 

•607 

•609 

•004 

•618 

•620 

9  0 

•005 

•607 

•610 

•006 

•618 

•621 

80 

•006 

•608 

•611 

•006 

•619 

•622 

7  0 

•008 

•608 

•612 

•008 

•619 

•624 

6  0 

•010 

•609 

•616 

•Oil 

•620 

•626 

6-5 

•012 

•610 

•616 

•013 

•621 

•628 

6-0 

•016 

•611 

•619 

•016 

•622 

•680 

4-6 

•018 

•612 

•621 

•019 

•628 

•688 

4  0 

•028 

•613 

•626 

•024 

•624 

•687 

3-76 

•027 

•614 

•628 

•028 

•626 

•640 

8-60 

•081 

•615 

•681 

•082 

•627 

•648 

8-25 

•086 

•617 

•686 

•087 

•628 

•647 

800 

•048 

•619 

•640 

•044 

•680 

•653 

2-76 

•051 

•621 

•646 

•068 

•688 

•660 

2-60 

•062 

•626 

•664 

•066 

•637 

•668 

2-25 

•078 

•629 

•666 

•081 

•642 

•679 

200 

•101 

•686 

•681 

•106 

•649 

•696 

1-96 

•107 

•688 

•686 

•111 

•660 

•700 

1-90 

•118 

•639 

•689 

•118 

•662 

•704 

1-85 

•119 

•641 

•698 

•126 

•664 

709 

1-80 

•128 

•644 

•698 

•188 

•667 

714 

1-76 

•186 

•646 

•708 

•142 

•659 

'720 

1-70 

•146 

•649 

•709 

•662 

•662 

726 

1-65 

■166 

•662 

•716 

•168 

•665 

788 

1-60 

•167 

•666 

•728 

•176 

•669 

741 

1-66 

•180 

•668 

•781 

•188 

•678 

749 

1-60 

•196 

•662 

•789 

•204 

•677 

769 

1-46 

•212. 

•667 

•749 

•221 

•681 

768 

1-40 

•281 

•672 

•760 

•241 

•687 

780 

1-86 

•262 

•678 

•772 

•264 

•694 

798 

1-80 

•278 

•686 

•786 

•291 

•701 

808 

1*25 

•807 

•698 

•808 

•822 

•709 

825 

1-20 

•842 

•702 

•821 

•869 

•719 

845 

116 

•884 

•718 

•848 

•404 

•781 

868 

110 

•486 

•726 

•868 

•469 

•746 

896 

1-05 

•499 

•742 

•898 

•627 

•768 

928 

1-00 

•680 

•762 

•986 

•615 

•784 

969 

See  the  anxiliary  tables,  pp.  104, 108.  and  111. 
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TABLE  r.^Co^ffi«imU9  ^  Diaelutrge  for  d^tremt  JtaHot  qf  tk«  Channel  to  the 
OtMm.— Meui  Coeffidmt  -628.  Coeffidento  for  he^is  in  stiU  water  -628  and 
-639.    See  equations  (44)  and  (44a)  and  the  obeerrations  thereon  at  p.  09. 


Coeffldent  028  for  heads  in 

Coeffident  -639  for  heads  in        | 

Ratio 
of  the 

stiU  water. 

still  water. 

Ratio  of 

Coeffidents 

Coeffidents 

Ratio  of 

Coeffidents 

Coefficients 

channel 

the  height 

forortflcea: 

for  weirs : 

the  height 

for  orifices  : 

for  weirs : 

to  the 

due  to  the 

the  heads 

due  to  the 

the  heads 

theheadii 

orifioe. 

velocity  of 

measured 

▼docity  of 

measured 

measured 

approach 
to  the  head. 

to  the 

thefuU 

approach 
totihehead. 

to  the 

the  full 

centres. 

depth. 

oentreiL 

depUi. 

80- 

•000 

•628 

•628 

•000 

•689 

•689 

20- 

•001 

•628 

•629 

•001 

•639 

•640 

16- 

•002 

•629 

•630 

•002 

•640 

•641 

10- 

•004 

•629 

•632 

•004 

•640 

•643 

9-0 

•005 

•630 

•632 

•005 

•641 

•644 

8-0 

•006 

•630 

•634 

•006 

•641 

•645 

70 

•008 

•631 

•685 

•008 

•642 

•647 

6-0 

•Oil 

•681 

•638 

•Oil 

•643 

•649 

6-6 

•018 

•632 

•640 

•014 

•643 

•651 

6-0 

•016 

•633 

•642 

•017 

•644 

•654 

4-6 

•020 

•634 

•645 

•021 

•646 

•667 

40 

•025 

•636 

•649 

•026 

•647 

•662 

3-76 

•029 

•637 

•652 

•080 

•648 

•666 

8-60 

•033 

•638 

•666 

•084 

•660 

•668 

8-26 

•039 

•639 

•669 

•040 

•652 

•673 

8  0 

•046 

•642 

•666 

•048 

•654 

•678 

276 

•055 

•645 

•672 

•067 

•657 

•686 

2-50 

•067 

•649 

•682 

•070 

•661 

•696 

2-25 

•084 

•654 

•694 

•088 

•666 

•708 

20 

•109 

•661 

•711 

•114 

•674 

•727 

1-95 

•116 

•668 

•715 

•120 

•676 

•731 

1-90 

•123 

•665 

•720 

•128 

•679 

•736 

1-86 

•130 

•668 

•725 

•135 

•681 

•741 

1-80 

•139 

•670 

•781 

•144 

•684 

•747 

1-75 

•148 

•678 

•737 

•154 

•686 

•753 

1-70 

•158 

•676 

•743 

•165 

•690 

•760 

1-65 

•169 

•679 

•760 

•176 

•693 

•768 

1-60 

•182 

•688 

•768 

•190 

•697 

•776 

1-56 

•196 

•687 

•767 

•205 

•701 

•786 

1-60 

•213 

•692 

•777 

•222 

•706 

•796 

1-45 

•231 

•697 

•788 

•241 

•712 

•808 

1-40 

•252 

•708 

•800 

•262 

•718 

•820 

1-85 

•276 

•709 

•814 

•289 

•725 

•836 

1-80 

•304 

•717 

•830 

•819 

•734 

•863 

1-26 

•338 

•726 

•846 

•854 

•743 

•872 

1-20 

•877 

•734 

•866 

•896 

•755 

•895 

116 

•425 

•750 

•894 

•447 

•769 

•921 

110 

•484 

•765 

•924 

•609 

•785 

•953 

106 

•657 

•784 

•959 

•688 

•805 

•991 

100 

•651 

•807 

1^002 

•690 

•881 

1088 

Bee  the  aaziliaiT  tables,  iq;>.  104, 106,  and  UL 
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THE  DISCHARGE  OF  WATER  FROM 


TABLE  V.—Co^Mc%eni9  qf  Duekargt  for  iiffvrtid  Batio$  qf  the  Chammti  to  the 
Or^tM.— Coefficients  for  heads  in  sUU  wator  -650  and  '667.  See  equations  (44) 
and  (44a)  and  the  obeeirations  thereon  at  p.  99. 


Coefficient  -650  for  heads  in 

Coefficient  ^67  for  heads  in        1 

stiU  water. 

stm  water. 

Ratio 

of  the 

Ratio  of 

Coefficients 

Coefficients 

Ratio  of 

Coefficients 

Coefficients 

chnunei 

the  height 

for  orifioes : 

for  weirs: 

the  height 

for«rifices: 

forweira: 

to  the 

due  to  the 

the  heads 

the  heads 

due  to  the 

the  heads 

the  heads 

orifice. 

velocity  of 

measured 

measured 

velocity  of 

measured 

measured 

approach 

to  the 

thefUU 

approach 
tolhehead. 

to  the 

theftill 

to  the  head. 

centres. 

depth. 

centres. 

depth. 

30- 

•000 

•650 

•650 

•000 

■667 

•667 

20- 

•001 

•650 

•651 

•001 

•667 

•668 

15- 

•002 

•651 

•652 

•002 

•667 

•669 

lo- 

•004 

•651 

•654 

•004 

•668 

•671 

o- 

•005 

•652 

•655 

•006 

•669 

•672 

s' 

•007 

•652 

•656 

•007 

•669 

•678 

7  0 

•009 

•658 

•658 

•009 

•670 

•675 

60 

•012 

•654 

•661 

•012 

•671 

•678 

5-5 

•014 

•655 

•668 

•015 

•672 

•680 

5  0 

•017 

•656 

•665 

•018 

•678 

•682 

4-5 

•021 

•657 

•669 

•022 

•674 

•687 

40 

•027 

•659 

•674 

•029 

•676 

•692 

875 

•031 

•660 

•677 

•083 

•678 

•696 

3-50 

•086 

•662 

•681 

•038 

•679 

•700 

3-25 

•042 

•663 

•686 

•044 

•681 

•706 

3  0 

•049 

•666 

•692 

•052 

•684 

•711 

2-75 

•059 

•669 

•699 

•062 

•687 

•720 

2-50 

•073 

•678 

•709 

•077 

•692 

•731 

2-25 

•091 

•679 

•728 

•096 

•698 

•745 

2-0 

•118 

•687 

•742 

•125 

•707 

•766 

1-95 

•125 

•689 

•747 

•182 

•709 

•771 

1-90 

•138 

•692 

-752 

•140 

•712 

•777 

1-85 

•141 

•694 

•758 

•149 

•715 

•783 

1-80 

•150 

•697 

•764 

•159 

•718 

■790 

1-75 

•160 

•700 

•771 

•170 

•721 

•797 

1-70 

•172 

•704 

•779 

•182 

•725 

•805 

1-66 

•184 

•707 

•786 

•195 

•729 

•814 

1-60 

•198 

•711 

•795 

•210 

•738 

•823 

1-55 

•218 

•716 

•805 

•227 

•788 

•888 

1-50 

•281 

•721 

•816 

•246 

•744 

•846 

1-45 

•251 

•727 

•828 

•268 

•751 

•859 

1-40 

•275 

•784 

-842 

•293 

•758 

•874 

1'35 

•802 

•742 

•858 

•822 

■764 

•888 

1-30 

•338 

•751 

•876 

■856 

•776 

•911 

1-25 

•871 

•761 

•896 

•898 

•788 

•984 

1-20 

•415 

•778 

•920 

•446 

•802 

•961 

115 

•469 

•788 

■949 

•506 

•818 

•992 

1-10 

•587 

-806 

•988 

•580 

•838 

1080 

1-05 

•621 

•828 

1-024 

•675 

•868 

1076 

1-00 

•732 

•855 

1074 

-800 

•894 

1188 

See  the  auxiliary  tables,  pp.  104, 108,  and  111. 
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TABLE  r.—Co^ienU  qf  DUeharge  for  deferent  Ratios  qf  the  Channel  to  ike 
Or(/lc«. —CoefficienU  for  heads  in  still  water  >/~^  =  '7071  and  1.  See  equa- 
tions (44)  and  (44a)  and  the  observations  thereon  at  pp.  98  and  09. 


Coefficient  1  -000  for  heads  in  still    1 

Coefficient  707  for  heads  In 

ftiJI  wntAr 

water,  and 

multipliers  of  c^  in  equa- 

RaUo 
of  thd 
channel 

tions  (45a)  and  (46a), 

vrhich  see. 

Ratio  of     Coe 

fficients 

Coefficients 

Ratio  of 

CoefficieDts 

Coefficients 

to  the 

tbo  height  for 

orifices : 

for  weirs : 

the  height 

for  orifices : 

for  weirs : 

oriUce. 

due  to  the     th 

e  heads 

the  heads 

duo  to  the 

the  heads 

the  heads 

vtrlocity  of     mc 

lasured 

measured 

velocity  of 

measured 

approach         1 

x>tbe 

theftiU 

approach 

to  the 

thefuU 

to  the  head,     cc 

intres. 

depth. 

to  the  head. 

centres. 

depth. 

30- 

•001 

707 

•708 

•001 

1001 

1002 

20- 

•001 

708 

•708 

•003 

1001 

1004 

15- 

•001 

708 

•709 

•005 

1^002 

1-006 

10- 

•006 

709 

•712 

•010 

1005 

1-014 

9- 

•006 

709 

•713 

•013 

1006 

1-017 

8- 

•008 

710 

•714 

•016 

1008 

1-021 

7- 

•010 

711 

•717 

•021 

1010 

1-028 

6- 

•014 

712 

•721 

•029 

1014 

1-038 

5-5 

•017 

713 

•723 

•034 

1017 

1045 

5-0 

•020 

714 

•727 

•041 

1021 

1055 

4-5 

•025 

716 

•781 

•052 

1026 

1067 

4  0 

•032 

718 

•737 

•067 

1-038 

1-084 

3-75 

•037 

720 

•742 

•077 

1038 

1-096 

3-50 

•043 

722 

•747 

•089 

1-044 

1110 

3-25 

•050 

724 

•753 

•105 

1-051 

1127 

3-00 

•059 

728 

•760 

•125 

1-061 

1-149 

2-75 

•071 

732 

•770 

•152 

1-073 

1178 

2-50 

•087 

737 

•783 

•190 

1-091 

1216 

2-25 

•110 

745 

•801 

•246 

1116 

1^269 

2  00 

•143 

756 

•826 

•838 

1155 

1847 

1-95 

•151 

759 

•832 

•356 

1165 

1367 

1-90 

•161 

762 

•889 

•383 

1176 

1-389 

1-85 

•171 

765 

•846 

•412 

1-188 

1-413 

1-80 

•182 

769 

•854 

•446 

1-203 

1-441 

1-76 

•195 

773 

•863 

•484 

1-218 

1-471 

1-70 

•209 

778 

•873 

•529 

1-237 

1505 

1-66 

•225 

783 

•883 

•579 

1-257 

1543 

1-60 

•248 

788 

•895 

•641 

1-281 

1589 

1-55 

•263 

795 

•908 

•711 

1-808 

1638 

1-50 

•286 

802 

•923 

•800 

1-842 

1699 

1-45 

•312 

810 

•939 

•903 

1379 

1767 

1-40 

•342 

819 

•958 

1042 

1-429 

1-854 

1-36 

•378 

880 

•980 

1^216 

1-489 

1-958 

1-30 

•421 

842 

1008 

1^449 

1-565 

2-088 

1-25 

•471 

857 

1033 

1778 

1-667 

2-259 

1-20 

•582 

875 

1066 

2278 

1-810 

2-499 

115 

•608 

897 

M07 

8-100 

2-025 

2-844 

1-10 

•704 

923 

1^155 

4762 

2-400 

8-440 

1-05 

•830 

957 

1-216 

9-756 

3-280 

4-803 

1-00 

1000          1 

000 

1-293 

infioite. 

infinite. 

infinite. 

Bee  the  auxiliary  table,  p.  Ill,  also  pp.  112,  113. 
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THE  DISCHARGE  OF  WATER  FROM 


TABLE  VI.— The  Ditckarcg  mm-  Wtin  or  Noiekm  <f  one  foot  in  Ungtk,  im  Cmivi 
feH  per  nmam^.— Deptna  \  inch  to  10  inches.  Okbatbr  ooBmciKKTS  "MT 
to  tn.—Tke  Formula  at  ike  ksad$  <tf  the  Coiuam*  owe  the  Value  qf  the 
Dieekarge,  D,  im  Cubic  feet  per  mimute,  when  I,  the  lemgth  vf  the  Weir,  w  taiem 


imfeei,  and  ike  head,  h,  in  inckee. 
the  eame  eiamdarde. 


Torl^k^wewK^eubeHhOelk'^retainiaff 


HtmdM 
in 

Theoretical 

Coefficient 

Goeffident 

Coefficient 

Coefficient  Coefficient! 

diacharge, 

•667. 

•650. 

•639. 

•628. 

•617. 

inchM. 

D  = 

D  = 

D  = 

D  = 

D  = 

D  = 

7-72  I  Vh*. 

blblVk*. 

5•0il^/l?: 

4-»3  I  Va*. 

4-85  fVp. 

476  I  '^. 

•25 

•965 

-644 

-627 

-617 

-606 

-696 

•6 

2-780 

1-821 

1-775 

1-744 

1-714 

1-684 

75 

5-016 

3-345 

3-260 

3-205 

8-150 

3-095 

1- 

7-722 

5-151 

5-019 

4-934 

4-849 

4-764 

1-25 

10792 

7-198 

7-015 

6-896 

6-777 

6-659 

1-5 

14-186 

9-462 

9-221 

9-065 

8-909 

8753 

1-75 

17-877 

11-924 

11-620 

11-423 

11-227 

11-030 

2- 

21-842 

14-569 

14-197 

18-957 

18-717 

13-477 

2-26 

26  062 

17-888 

16-940 

16-654 

16-367 

16-080 

2-5 

80-524 

20-360 

19-841 

19-506 

19-169 

18-833 

2-76 

85-215 

28-489 

22-890 

22-603 

22-115 

21-728 

8- 

40125 

26-763 

26-081 

26-640 

25-199 

24-757 

3-25 

45-244 

80-178 

29-408 

28-911 

28-418 

27-915 

S-5 

50-568 

33726 

32-866 

32-310 

31-754 

81-197 

3-75 

56-077 

87-408 

86-450 

85-833 

35-216 

84-699 

4- 

61-777 

41-205 

40-155 

89-476 

38-796 

88-116 

4-25 

67-658 

45-128 

43-978 

43-233 

42-489 

41-745 

4-6 

78714 

49-167 

47-914 

47-108 

46-292 

45-482 

4-75 

79-942 

53-321 

61-962 

51-083 

50-203 

49-324 

5- 

86-385 

57-586 

56-118 

55-168 

54-218 

53-269 

6-25 

92-891 

61-958 

60-379 

69-357 

58-335 

57-314 

5-5 

99-604 

66-436 

64-748 

68-647 

62-561 

61-456 

576 

106-472 

71-017 

69-207 

68-036 

66-864 

66-693 

6- 

118-491 

75-698 

78-769 

72-621 

71-272 

70-024 

6-25 

120-657 

80-478 

78-427 

77-100 

75772 

74-445 

6-6 

127-969 

85-355 

88  180 

81-772 

80-365 

78-957 

676 

185-422 

90-326 

88-024 

86-535 

85-045 

83-555 

7- 

148-015 

95-891 

92-960 

91-887 

89-818 

88-240 

7-25 

150744 

100-546 

97-983 

96-826 

94-667 

93-009 

7-5 

158-608 

105-792 

103-095 

101-350 

99-606 

97-861 

775 

166-604 

111-125 

108-292 

106-460 

104-627 

102795 

8- 

174-731 

116-646 

113-575 

111-653 

109731 

107-809 

8-25 

182-984 

122-051 

118-940 

116-927 

114-914 

112-901 

8-5 

191-365 

127-640 

124-887 

122-282 

120-177 

118-072 

875 

199-869 

183-313 

129-915 

127-716 

126-618 

123-819 

9- 

208-496 

139-067 

135-622 

133-229 

130-985 

128-642 

9-25 

217-243 

144-901 

141-207 

138-818 

186-428 

184-089 

9-5 

226-111 

150-816 

146-972 

144-485 

141-997 

189-610 

975 

235  093 

156-807 

152-810 

150-225 

147-689 

145  053 

10- 

244-198 

162-877 

158-726 

156-039 

153-353 

150-666 

See  pp.  114  to  183. 
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TABLE  VL-Thf  DU^^^WinerWeinorNataes  qfonefooti»  Ungth,  in  Cubic 
feet  per  mmute.—DepthB  10-25  inchoe  to  32  Incbea.  Qrbateb  cosmcuHTS 
^67  to  -917.— The  FormuUB  at  tke  head*  of  the  Colmmtu  give  the  Value  of  the 
Iheeharge,  D,  m  Cubic  feet  per  minute,  when  I,  the  length  qf  the  Weir,  i$  taken 

infeet,andthfhead,h,ininche9,    For  I  "^^  we  may  eubetituU  I  h^Ht,  retoMng 
the  same  atandarde,  ^ 


Heads 

in 
inches. 

Theoretical 
discharge. 

Coefficient 
•667. 

Coefficient 
•660. 

Coefficient 
•639. 

Coefficient 
•628. 

Coefficient 
-617. 

D  = 

772  I  V^. 

D  = 
615  I  Vp. 

D  = 
5-02  iVp. 

D  = 
4-93  I  vT» 

D  = 

4-85  I  v^*». 

D  = 

4-76  zvr». 

10-25 

258-407 

169-023 

164-715 

161-927 

159*140 

166-352 

10-5 

262-784 

175-244 

170-777 

167-887 

164-997 

162-107 

10-75 

272173 

181-460 

176-918 

173-919 

170-925 

167-931 

11- 

281-728 

187-909 

188-120 

180-021 

176-922 

173-828 

11-25 

291-882 

194-362 

189-398 

186-198 

182-988 

179-782 

11-5 

801-148 

200-866 

195*746 

192-484 

189-121 

185-808 

11-75 

811  024 

207-451 

202-164 

198-743 

195-321 

191-900 

12- 

321- 

214-107 

208-650 

205-119 

201-688 

198-057 

12-5 

841-276 

227-628 

221-826 

218-072 

214-318 

210-564 

IS- 

861-950 

241-421 

285-268 

231-286 

227-306 

228-823 

IS -5 

888-031 

255-482 

248-970 

244-757 

240-643 

236-380 

14- 

404-507 

269-806 

262-980 

258-480 

254-080 

249-681 

14-5 

426-868 

284-887 

277  139 

272-449 

267*759 

263*069 

15- 

448-611 

299-223 

291-597 

286-662 

281-728 

276-793 

15-5 

471-228 

814-809 

806-298 

801*115 

295-931 

290-748 

Id- 

494-212 

329-639 

321-238 

315-801 

310*866 

304-929 

le -5 

517-558 

845-211 

336-418 

330-720 

826-026 

819-888 

17- 

541-261 

861-021 

861-820 

846-866 

889*912 

888-958 

17-5 

565-815 

877-065 

867-455 

861*236 

865  018 

848-799 

IS- 

589-715 

893-840 

388-816 

376*828 

370-341 

868-854 

IS -5 

614-443 

409*833 

899-388 

392-629 

385-870 

879-111 

19- 

689-538 

426-569 

415-696 

408-662 

401-627 

894-592 

19-5 

664-944 

443-618 

432-214 

424-899 

417-585 

410-270 

20- 

690-682 

460-685 

448-948 

441-346 

488-748 

426  161 

20-5 

716-787 

478-064 

466-879 

467*995 

460*111 

442-227 

21- 

748  125 

495-664 

488*081 

474-857 

466-688 

458-508 

21-5 

769-828 

518-472 

600*886 

491-917 

488-449 

474-981 

22- 

796-882 

581-487 

617-941 

609-176 

600-410 

491-646 

22-5 

824-151 

649-709 

635-698 

626-632 

517-667 

608-601 

2S- 

851-775 

668-184 

658-654 

544-284 

534-916 

625*546 

23-5 

879-700 

686-760 

671-805 

562-128 

652-452 

642*776 

24- 

907-925 

605*686 

690-161 

680-164 

670-177 

560-190 

25- 

965-253 

648-824 

627-414 

616-797 

606-179 

695-561 

26- 

1023-748 

682-840 

666*486 

664-175 

642-914 

681-653 

27- 

1088-875 

722-611 

704-194 

692-277 

680-860 

668*442 

28- 

1144116 

763-125 

748*676 

781-090 

718-506 

705-920 

29- 

1205-950 

804-369 

788-868 

770-602 

757-887 

744*071 

30- 

1268-864 

846-882 

824762 

810-804 

796-847 

782-889 

31- 

1332-838 

889-000 

866-841 

861-680 

837*019 

822*368 

82- 

1397-842 

982-861 

908-597 

898-221 

877*846 

862*469 

See  pp.  114  to  18S. 
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THE  DISCHARGE  OF  WATER  FROM 


TABLE  VI,— The  Diteharot  over  WHn  or  Notckee  qf  one  foot  in  length^  m  Culic 
feet  per  minute.— Htp&M  83  Inchea  to  72  Inchea.  Grkatkr  ooKrriciEsm 
•«67  to  -617.-1^  FbrmnhB  at  ike  head*  cf  the  CoUmn*  gvoe  the  VaJme  <jf  the 
Dueharge,  A  ««  CW«c  feet  per  minute,  when  I,  the  length  <f  the  Weir,  it  taken 
infeet,andthehead,h,iminehet.  Ibrl^  wemag  tubetitute  Ih^Hi^retttimMg 
the  eame  etandarde. 


Heads 

in 
Inches. 


Theoretical    Coefficient 


discharge, 

D  = 
772  I  vT?. 


•667. 

D  = 

615  I  Vl?. 


Coefficient  { Coefficient 
•650.  -639. 

D=  _        D  = 

5  02  «  Va»1  4-93  i-v/jp. 


Coefficient 

•628. 

D  =  _ 
4^86  I  V^Jk». 


Coefficient 
•617. 

4-76  I  v'ik*. 


1468-875 

1530-917 

1598-961 

1667-964 

1737-943 

1808-876 

1880-746 

1953-544 

2027-258 

2101-876 

2177-387 

2253-783 

2331-052 

2409-183 

2488-170 

2568- 

2648-666 

2730  160 

2812-474 

2895-597 

2979-525 

3064-253 

3149-755 

3236-050 

3323117 

3410-946 

3499-542 

3588-889 

3678-984 

3769-825 

3861-393 

3953-694 

4046-720 

4140-465 

4234-922 

4330-086 

4425-954 

4522-516 

4619-774 

4717-718 


976-405 
1021-122 
1066-500 
1112-532 
1159-208 
1206-520 
1254-458 
1303  014 
1362-181 
1401-951 
1452-317 
1503-273 
1654-812 
1606-925 
1659-609 
1712-856 
1766-660 
1821-021 
1875-920 
1931-363 
1987-343 
2043-857 
2100-887 
2158-445 
2216-519 
2275  101 
2334  195 
2393-789 
2453-882 
2514-473 
2575-549 
2637-114 
2699162 
2761-690 
2824-693 
2888-167 
2952111 
3016-518 
3081-389 
3146-718 


951-519 
995-096 
1039-318 
1084-177 
1129-663 
1175-769 
1222-485 
1269-804 
1317-718 
1366-219 
1415-302 
1464-959 
1516-184 
1665-969 
1617-311 
1669-200 
1721-633 
1774-604 
1828-108 
1882138 
1936-691 
1991-764 
2047-341 
2103-433 
2160-026 
2217115 
2274-702 
2332-778 
2391-340 
2450-386 
2609-906 
2569-901 
2630-368 
2691-302 
2762-699 
2814-656 
2876-870 
2939-686 
3002-853 
3066-518 


935-416 
978-256 
1021-730 
1065-829 
1110-546 
1155-871 
1201-797 
1248-316 
1295-418 
1348-099 
1391-360 
1440-167 
1489-542 
1539-468 
1589-941 
1640-952 
1692-498 
1744-672 
1797171 
1850-286 
1903-916 
1958-068 
2012-693 
2067-836 
2123-472 
2179-694 
2236-207 
2293-300 
2350-871 
2408-918 
2467-430 
2526-410 
2586-854 
2645-757 
2706-116 
2766-925 
2828-185 
2889-888 
2952-036 
3014-622 


919-314 
961-416 
1004-141 
1047-481 
1091-428 
1135-974 
1181-108 
1226-826 
1278-118 
1319-978 
1367-899 
1416-376 
1468-901 
1612-967 
1662-571 
1612-704 
1663-362 
1714-640 
1766-234 
1818-435 
1871-142 
1924-351 
1978-046 
2032-239 
2086-917 
2142-074 
2197-712 
2268-822 
2310-402 
2367-460 
2424-956 
2482-920 
2641-340 
2600-212 
2659-631 
2719-294 
2779-499 
2840140 
2901-218 
2962-727 


903*211 


944-676 
986-553' 
1029-134 
1072-311 
1116-076 
1160-42O 
1206-337 
1250-818 
1296-857 
1343-448 
1390-584 
1438-259 
1486-466 
1635-201 
1584-456 
1634-227 
1684-609 
1736-296 
1786-688 
1838-367 
1890-644 
1943-899 
1996-643 
2050-363 
2104-654 
2159-217 
2214-344 
2269-933 
2325-982 
2382-479 
2439-429 
2496-826 
2564-667 
2612-947 
2671-668 
2730-814 
2790*392 
2860-401 
2910-832 


See  pp.  114  to  133. 
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TABLE  VI.— The  IH$ekarae  over  Wein  or  NoteUe  </  one  fool  in  length^  «•  Cubic 
feet  per  mnuf^—Depths  \  inch  to  10  inchea.  Lbsber  ooKPnoiRmrs  '606 
to  'b\%.—The  Formula  at  the  hoade  qf  the  Cobmne  aioe  the  Value  </  the 
Bieeharge^  D,  U  Cubic  feet  per  mimite,  when  I,  the  length  qf  the  Weir,  u  taken 
in  feet,  and  the  head,  h,  in  indkee.  For  I V^  we  may  euhetitute  I  h  ^h,  retaining 
the  eame  etandarde. 


CoefBcient 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

Heads 

•606. 

•695. 

•684. 

•662. 

•640. 

•618. 

in 

D  = 

D  = 

D  = 

Drr 

D  = 

D  = 

inches. 

4-68  zVp. 

4-5»iV*3. 

4-81  ZVp. 

4^34  iVjp. 

4-17  I  v^*». 

4ZV1» 

•25 

•586 

•674 

•664 

•542 

•621 

•600 

•6 

1^654 

1-624 

1-604 

1-634 

1474 

1-414 

•76 

8-039 

2-985 

2-929 

2-819 

2-708 

2-698 

!• 

4-680 

4-696 

4-610 

4-340 

4170 

4-000 

1-25 

6-540 

6-421 

6-303 

6-065 

5-828 

6^590 

1-5 

8-597 

8-441 

8-284 

7-973 

7-660 

7-348 

1-76 

10-888 

10687 

10-440 

10-047 

9-658 

9-260 

2- 

13-236 

12996 

12-766 

12-275 

11-795 

11-314 

2-25 

15-794 

15607 

15-220 

14-647 

14-078 

13-500 

2-5 

18-498 

18^162 

17-826 

17-165 

16-488 

16-811 

2-76 

21-840 

20-963 

20-556 

19-791 

19-016 

18-241 

8- 

24-316 

23-874 

28-438 

22-660 

21-668 

20-785 

8-26 

27-418 

26-920 

26-422 

26-427 

24482 

23-486 

8^5 

80-641 

80085 

29-529 

28-416 

27-304 

26-192 

875 

83-982 

83866 

82-749 

31-615 

30-281 

29-048 

4' 

37-487 

36-757 

86  •078 

34-719 

83-360 

32-000 

4-25 

41-001 

40-256 

39-512 

88024 

36-685 

86-047 

4-5 

44-671 

43-860 

48-049 

41-427 

89-806 

88-184 

4-75 

48-445 

47-666 

46-686 

44-927 

43-169 

41-410 

5- 

52-319 

61-369 

60-420 

48-520 

46-621 

44-722 

6-25 

66-292 

65-270 

64-248 

62-205 

60161 

48-117 

5-6 

60^360 

69-264 

68-169 

66-977 

63-786 

61-595 

6-75 

64-622 

68-851 

62-180 

59-837 

67-495 

66-153 

6- 

68-776 

67-527 

66-279 

68-782 

61-286 

68-788 

6-26 

78-118 

71-791 

70^464 

67-809 

65-166 

62-500 

6-5 

77-649 

76-142 

74-734 

71-919 

69-108 

66-288 

6-75 

82-066 

80-676 

79-086 

76-107 

78128 

70-149 

7- 

86-667 

86-094 

88-521 

80-874 

77-228 

74-082 

7-25 

91-851 

89-698 

88-084 

84-718 

81-402 

78-085 

7-6 

96116 

94-872 

92-627 

89-138 

86-648 

82169 

7-75 

100-962 

99-129 

97-297 

93-631 

89-966 

86-301 

8- 

105-887 

103-966 

102-048 

98-199 

94-866 

90-611 

8-26 

110-889 

108-876 

106-868 

102-837 

98-812 

94-786 

8-6 

115-967 

113-862 

111-757 

107-647 

103-337 

99-127 

8-76 

121121 

118-922 

116-723 

112-826 

107-929 

103-632 

9* 

126-349 

124-065 

121-762 

117-176 

112-588 

108-001 

9*25 

131-649 

129269 

126-870 

122090 

117-811 

112-532 

9-6 

137  028 

134635 

132048 

127-074 

122100 

117-126 

9-75 

142-467 

139-881 

137-294 

132122 

126-960 

121-778 

10- 

147  991 

146-296 

142-609 

137-237 

131-864 

126-492 

See  pp.  114  to  183. 
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THE  DISCHARGE  OF  WATER  FROM 


TABLE  VI.^Tke  I>i$ckaTff  ov0r  Wmtn  or  NcUkm  qf  ona  foot  m  ta^  te  CMe 
f«tt  per  win  Mfg. —Depths  10*25  Inohas  to  88  inohea.  Lbbbse  oosmcmm 
-606  to  -618.— 7^  Forwmlm  at  tkt  koado  qf  tke  Colmmtu  give  the  Vaim  qf  the 
D%eek«rgo,  2>.  im  CmUe  feet  per  mkiuU,  mUn  {,  the  length  <f  the  ir<M>,  u  takeu 
itifeet^  and  tht  head,  h,  t*  imehm,  JFbr  I  ^h^  we  me^  eebetitute  I  h  ^h,  retamimff 
the  tame  ttanda^de. 


CoefBci«nt 

CoeffioMDt 

GoefBoient 

Coefficient 

Coefficient 

Coefficient 

Heftds 

•606. 

•695. 

•584. 

-562. 

•540. 

•618. 

in 

D  = 

D  = 

D  = 

D  = 

D  = 

D  = 

inchoa. 

4  68  f  v^*>. 

4-59  I  Vjp. 

4-51  I  v1k». 

4*84  1  Vik» 

4  17  iVp. 

4|V*i. 

10-26 

158-566 

150-777 

147-990 

142-415 

136840 

131-265 

10-5 

159-217 

156-327 

153-437 

147-657 

141-876 

136  096 

1075 

164-987 

161-948 

158-949 

152-961 

146-974 

140-986 

li- 

170-724 

167-625 

164-526 

158-828 

152180 

145-933 

lies 

176-577 

173-872 

170-167 

163-766 

157-346 

150-986 

11-6 

182-496 

179-183 

175-870 

169-245 

162-620 

165-996 

11-75 

188-479 

185  059 

181-636 

174-794 

167-952 

161-109 

12- 

194-526 

190-996 

187-464 

180-402 

173-840 

166-278 

12-5 

206-810 

203  056 

199-302 

191-794 

184-286 

176-778 

13- 

219-842 

216-360 

211-879 

208-415 

195-453 

187-490 

18-5 

232-117 

227-903 

228-690 

215-263 

206-837 

198-410 

14- 

245-181 

240-682 

236-282 

227-383 

218-434 

209-536 

14-6 

258-879 

258-689 

248-999 

289-619 

230-239 

220-869 

15- 

271-858 

266-924 

261-989 

262-119 

242-250 

232-380 

15-6 

285-564 

280-881 

275-197 

264-880 

254-463 

244-096 

16- 

299-492 

294-066 

288-620 

277-747 

266-875 

266-001 

16-6 

318-640 

807-947 

802-253 

290-868 

279-481 

268-096 

17- 

828-004 

322-050 

816-096 

804-189 

292-281 

280-873 

17-5 

342-581 

836-362 

830144 

317-707 

305-270 

292-888 

IB- 

357-867 

350-880 

844  894 

831-420 

318-446 

805-472 

IS'S 

372-852 

865-594 

858-835 

845-817 

331-799 

318-241 

19- 

387-557 

880-622 

878-487 

359-418 

345-348 

331-278 

19-5 

402-956 

895*642 

888-827 

373-699 

359-070 

344-441 

20- 

418-558 

410-969 

408-868 

388-163 

872-968 

357-778 

20-6 

434-843 

426-458 

418-674 

402-806 

387  088 

371-270 

21- 

460-884 

442-159 

483-986 

417-686 

401-288 

384-989 

21-5 

466-518 

458-045 

449-677 

432-641 

415-704 

398-768 

22- 

482-880 

474-115 

465-350 

447-819 

430-289 

412-769 

22-6 

499-486 

490-870 

481-304 

463-178 

445-042 

426-910 

28- 

517176 

506-806 

497-487 

478-698 

459-959 

441-219 

28-5 

588*098 

523-421 

618-745 

494-891 

475-038 

456-685 

24- 

550-208 

640-216 

630-228 

510-264 

490-280 

470-306 

25- 

584-943 

674-826 

568-708 

542-472 

521-237 

500-001 

26- 

620-391 

609  180 

697-869 

576-346 

552-824 

580-801 

27- 

656-525 

644-608 

682-691 

608-857 

586-028 

561-188 

28- 

698-834 

680-749 

668-164 

642-993 

617-828 

592-662 

29- 

780-806 

717-540 

704-275 

677-744 

651-213 

624-682 

SC- 

768-982 

764-974 

741-017 

713-102 

685-187 

657-272 

SI- 

807-697 

793-036 

778-874 

749-052 

719-730 

690-407 

82- 

847-092 

831-716 

816-840 

785-687 

754-836 

724-082 

Sm  pp.  114  to  138. 
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TABLE  ri.—Th«  Dueharge  over  Weirt  or  Nateke*  qf  one  foot  m  Unath,  in  Otbh 
feet  per  mtnttfo.— Depths  38  inches  to  72  inohea.  Lbssbr  CownoiENTS 
•606  Jo  '518.— The  Formula  at  the  heade  qf  the  CoUmne  give  the  Value  </ 
ike  Dieekarge,  D,  in  Cubic  feet  per  mimute,  when  Z,  the  length  qf  the  Weir.u 

taken  in  feet,  and  the  head,  k,  in  inehee.    Ibr  I  ^^  we  mag  mbetitute  I  h '^  k, 
retaining  the  $ame  etandarde. 


Heads 

in 
Inches. 


84* 
86- 
86- 
87- 
88- 
89- 
40- 
41- 
42- 
48- 
44- 
45- 
46- 
47- 
48- 
49- 
60- 
61- 
52- 
58- 
54- 
65- 
56- 
57- 
68- 
69- 
60- 
61- 
62- 
68- 
64- 
66- 
66- 
67- 
68- 
69- 
70- 
71- 
72' 


Ck>efficient 

•606. 

D  = 
4-68  ZV^. 


887  •108 
927-786 
968-964 
1010  786 
1068198 
1096-178 
1189-782 
1188-848 
1228-618 
1278-737 
1819-497 
1865-792 
1412-618 
1459*965 
1507-881 
1556-208 
1605-092 
1654-477 
1704-859 
1754-782 
1805-592 
1856-937 
1908-751 
1961-046 
2018-809 
2067-038 
2120-722 
2174-867 
2229-464 
2284-614 
2840-004 
2395-989 
2462-812 
2609-122 
2566-868 
2624  082 
2682-128 
2740-645 
2799-688 
2868-987 


Coefficient 

•696. 

D  = 
4-69  I  Vp. 


871-006 
910-896 
951-876 
992-489 
1084-076 
1076-281 
1119-044 
1162-359 
1206-219 
1250-616 
1295-646 
1841-001 
1886-976 
1433-464 
1480-461 
1527-960 
1575-956 
1624-445 
1673-422 
1722-880 
1772-817 
1828-231 
1874-104 
1926-450 
1977-265 
2029*613 
2082-227 
2136-389 
2188-995 
2243-046 
2297-629 
2362-448 
2407*798 
2468-677 
2619-779 
2676-401 
2638-448 
2690-897 
2748-766 
2807-042 


Coefficient 

684. 

D  = 
4-61 1 V^. 


Coefficient 

-662. 

D  = 
4-34  iV^. 


854*908 
894  056 
933787 
974*091 
1014*969 
1066*383 
1098-366 
1140870 
1188-919 
1227  496 
1271  694 
1316-209 
1361-334 
1406-963 
1453*091 
1499*712 
1546-821 
1594-418 
1642-486 
1691-029 
1740-043 
1789-524 
1839-457 
1889-868 
1940-700 
1991-992 
2043-733 
2095-911 
2148-627 
2201-578 
2266-064 
2808-957 
2363-284 
2418-032 
2478-194 
2528-770 
2684-767 
2641-149 
2697-948 
2766-147 


Coefficient 

•540. 

D  = 
4-17  I  Vl?. 


Coefficient 

•618 

D  = 

4ZVT» 


822-698 
860-375 
898-610 
937 -396 
976-724 
1016-588 
1056-979 
1097-892 
1189-819 
1181-264 
1223-691 
1266-626 
1310  061 
1368-961 
1898-852 
1443-216 
1488-650 
1634-850 
1680-610 
1627-326 
1674-493] 
1722110 
1770-162 
1818-660 
1867-692, 
1916-952 
1966-7431 
2016 -966j 
2067-689 
2118-642 
2170-103 
2221-976 
2274-257 
2326-941 
2380-026 
2433-608 
2487-886 
2541-654 
2596-813 
2661-368 


790-493 
826-696 
863-484 
900-701 
938-489 
976-793 
1016-603 
1064-914 
1094-719 
1136  013 
1175-789 
1217-043 
1258-768 
1300  959 
1343-612 
1886-720 
1430-280 
1474-286 
1518-786 
1563-622 
1608-944 
1664-697 
1700-868 
1747-467 
1794-483 
1841-911 
1889-753 
1938-000 
1986-651 
2035-706 
2086-152 
2134-996 
2185-229 
2235-851 
2286-858 
2338-246 
2390-015 
2442-169 
2494-678 
2647-568 


758-287 
793-016 
828-257 
864  005 
900-254 
986-997 
974-226 
1011-986 
1060-120 
1088-772 
1127-886 
1167-460 
1207-485 
1247-967 
1288*872 
1330-224 
1872-009 
1414-223 
1466-862 
1499-919 
1543-394 
1587-288 
1631-578 
1676-274 
1721-375 
1766-870 
1812-763 
1859-046 
1905-714 
1952-769 
2000-202 
2048-018 
2096-201 
2144-761 
2198-690 
2242-985 
2292-644 
2842-663 
2393-043 
2443-778 


Seo  pp.  114  to  183. 
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THE  DISCHARGE  OF  WATER  FROM 


TABLE  TTT.-FhrJMiiig  ike  Mean  Veloei^  from  ike  Ifpmmiw  VtlMUf  at  i*f 
aurfaee,  in  Jfitf  Eaeet,  Stream*,  and  Skien  mih  untform  CkammOe;  ami  He 
MaximmVeloeityfiromtkeMeanreloeUg. 

For  the  Velocity  in  feet  per  minute,  mnltfply  by  5. 

II 


1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
28 
24 
25 
26 
27 
28 
29 
80 
81 
82 
88 
84 
85 
86 
87 
88 
89 
40 


•84 

1-67 

2-51 

8-34 

4-18 

5-01 

5-85 

6-68 

7-52 

8-85 

919 

10-02 

10-86 

11-69 

12-68 

13-36 

14-20 

15-03 

15-87 

16-70 

17-54 

18-87 

19-21 

20-04 

20-88 

21-71 

22-55 

28-38 

24-22 

25-05 

25-89 

26-72 

27-66 

28-39 

29-23 

80-06 

80-90 

81-73 

82-57 

33-40 


-76 

1-51 

2-27 

8-04 

8-81 

4-58 

5-36 

614 

6-92 

7-71 

8-50 

9-29 

10-09 

10-88 

11-69 

12-49 

18-80 

14-11 

14-92 

15-78 

16-55 

17-87 

18-19 

19-02 

19-86 

20-68 

21-61 

22-84 

23-18 

24-02 

24-86 

25-70 

26-54 

27-39 

28-24 

29-09 

29-94 

30-79 

31-65 

32-51 


41 
42 
48 
44 
45 
46 
47 
48 
49 
50 
51 
62 
53 
64 
65 
66 
67 
68 
69 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
78 
74 
75 
76 
77 
78 
79 
80 


84-24 
86-07 
85-91 
86-74 
87-58 
38-41 
89*25 
40-08 
40-92 
41-76 
42-59 
48-42 
44*26 
45*09 
45*98 
46-76 
47*60 
48*43 
49*27 
60*10 
60*94 
61-77 
62*61 
58*44 
64*28 
65-11 
65-95 
66-78 
67*62 
68-45 
69-29 
60-12 
60*96 
6179 
62*68 
68*46 
64*80 
65*18 
66-97 
66*80 


83-37 
84-23 
85-09 
85*96 
86-82 
87-69 
88-56 
89-48 
40-80 
41*17 
42*06 
42-92 
48*80 
44-68 
46-56 
46-44 
47-82 
48-21 
49-09 
49-98 
60-87 
61-76 
52-65 
58-64 
64-43 
65-83 
56-22 
67-12 
68-02 
68-91 
59-81 
60-71 
61*61 
62-52 
68-42 
64-82 
65-28 
66-13 
67-04 
67-96 


81 


84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

118 

114 

116 

116 

117 

118 

119 

120 


67-64 
68-47 
69-31 
70  14 
70-98 
71-81 
72-65 
78-48 
74-32 
75-15 
75-99 
76-82 
77-66 
78-49 
79-33 
80-16 
81-00 
81 -§3 
82-67 
83-50 
84-34 
85-17 
86-01 
86-84 
87-68 
88-51 
89-35 
90-18 
91-02 
91-85 
92-69 
93-52 
94-36 
95-19 
96-03 
96-86 
97-70 
98 -5a 
99-37 
100-20 


68-86 
6977 
70*68 
71-59 
72-50 
73-42 
74-33 
75-24 
76-16 
77-08 
77-99 
78*91 
79-88 
8075 
81-67 
82-69 
83-51 
84-43 
85-86 
86-28 
87-2Q 
88-13 
89-06 
89-98 
90-91 
91-84 
9277 
98*69 
94-62 
95*65 
96*49 
97*42 
98*85 
99*28 
100*21 
101*15 
102*08 
10802 
108-95 
104-89 


See  pp.  188  to  19L 
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TABLE  mi.-^ForJlMUM  ike  Mean  Velodtiet  qf  Water  flowing  in  Pipet,  Drain*, 
Streanu,  and  Biven.—Yor  a  full  cylindrical  pipe,  diTlde  the  diameter  by  4  to 
find  the  hydraulic  mean  depth. 

Diameierg  qf  pipe$  \  inch  to  2  ineJm,    FaUt  per  miU  1  ineh  to  U  fiei. 


Falls  jper  mile  in  feet  and 
mohes,  and  the 

'*' Hydraulic  mear 

1  depths," 

or  "mem 

1  radii,"  1 

and  velocities  in  inchei 

ipersecond^ 

Fans. 

Inclinations* 
one  in 

Atoch. 

iinch. 

linoh. 

finch. 

iinch. 

P.    I. 
0    1 

$8860 

•14 

•24 

•88 

•49 

•57 

0    2 

81680 

•22 

•37 

•59 

76 

•90 

0    8 

21120 

•28 

•48 

•75 

•97 

1-15 

0    4 

15840 

•34 

•57 

•89 

1^15 

1-86 

0    5 

12672 

•88 

•65 

1^02 

1^30 

1-55 

0    6 

10560 

•42 

•72 

1-13 

1^45 

1-72 

0    7 

9051 

•46 

•78 

1-24 

1-58 

1-88 

0    8 

7920 

•50 

•85 

138 

171 

2-02 

0    9 

7040 

•53 

•90 

1^43 

183 

2^16 

0  10 

6886 

•57 

•96 

1-51 

1-94 

2^80 

0  11 

5760 

•60 

1^01 

1^60 

1-96 

242 

1    0 

5280 

•68 

1^06 

1-68 

2-15 

2^54 

1    8 

4224 

•71 

1-20 

1-90 

2^43 

2-88 

1    6 

8520 

•79 

133 

2^10 

2^69 

3  19 

1    9 

8017 

•87 

1^45 

2^29 

2^94 

8  48 

2    0 

2640 

•93 

156 

247 

316 

375 

2    8 

Interpolated. 

•99 

1^67 

2-68 

3-37 

3^99 

2    6 

2112 

1^05 

1-77 

2^79 

3^58 

4^24 

2    9 

Interpolated. 
1760 

l^ll 

187 

2-94 

3^77 

4-47 

8    0 

1-16 

1-96 

3^09 

8-96 

4^69 

8    3 

Interpolated. 

1-21 

205 

8-23 

4^14 

491 

8    6 

1508 

1-26 

2^14 

387 

4^32 

5^12 

8    9 

Interpolated. 

r31 

2^22 

3-50 

4r48 

5  •SI 

4    0 

1820 

1^36 

2-30 

368 

4-65 

6-51 

4    6 

Interpolated. 

145 

2-45 

3^87 

4-96 

5^88 

6    0 

1066 

1^64 

2^61 

4  11 

5^27 

6  24 

6    6 

Interpolated. 
880 

1-62 

275 

4-33 

5-55 

6-58 

6    0 

1-71 

2-89 

4-55 

683 

6^91 

6    6 

Interpolated. 
754 

1-78 

8^02 

4-76 

€•10 

7-22 

7    0 

1^86 

8  15 

4^97 

6-36 

7^54 

7    6 

Interpolated. 

1-93 

3-27 

5-16 

6^61 

7^83 

8    0 

660 

2-01 

3-39 

5-35 

6^86 

8^12 

8    6 

Interpolated. 

2-07 

3-51 

5^53 

7-09 

8-40 

9    0 

587 

2-14 

3  62 

5-72 

7-32 

8-68 

9    6 

Interpolated. 

2^20 

8  74 

5^89 

7-65 

8^94 

10    0 

528 

2-28 

3^85 

6^07 

777 

9^21 

10    6 

Interpolated. 

2-83 

3^95 

6  24 

7-99 

9^47 

11    0 

480 

2-40 

406 

6-40 

8-20 

972 

11    6 

Interpolated. 

2-46 

4^16 

6^57 

811 

9^97 

12    0 

440 

2-52 

4-27 

673 

8^62 

10-21 

beep.  208. 
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THE  DISCHARGE  OF  WATER  FROM 


TABLE  VIIL^ForJlndiM  tkt  Mean  VelociUn  qf  WaUrlUmimg  in  P^pet,  Draku, 
Strtema,  and  Miven.—¥at  a  fUll  cylindricAl  pipe,  divide  the  diameter  by  4  to 


find  the  hydraulic  mean  depth. 
JHamHen  qfpipe$  \  inch  to  2  imehn. 


Fall*  per  mile  IS  feet  to  528O/«0tf. 


PkllB  per  mile  in  feet.and  the 

*•  Hydraulic  mean  depths,"  or  "  mean  radii," 

hydrauli 

c  inclination. 

and  velocitiea  in  inches  per  second. 

FaUf. 

Inclinatlona 
one  in 

Ainch. 

linch. 

iinch. 

linch. 

iinch. 

F. 

18-2 

400 

2-66 

4-50 

7-10 

9-10 

10-78 

18-6 

Interpolated. 

2-71 

4-59 

7-24 

9-27 

10-98 

14  1 

376 

2-76 

4-67 

7-87 

9-44 

11-18 

14-6 

Interpolated. 

2-82 

476 

7-52 

9-63 

11-41 

161 

860 

2-87 

4-85 

7-66 

9-82 

11-63 

16-6 

Interpolated. 

2-94 

4-96 

7-88 

10-03 

11-88 

16-2 

326 

8-00 

5-07 

7-99 

10-24 

12-13 

17-6 

800 

814 

5-80 

8-87 

10-72 

12-70 

19-2 

276 

8-80 

5-58 

8-80 

11-27 

18-35 

21-1 

250 

8-48 

5-89 

9-39 

11-90 

14-10 

23-6 

225 

8-70 

6-26 

9-87 

12-66 

14-99 

26-4 

200 

8-96 

6-70 

10-67 

13-54 

16-04 

80-2 

175 

4-28 

7-24 

11-42 

14-63 

17-38 

85-2 

150 

4-68 

7-92 

12-49 

16-00 

18-96 

87-7 

140 

4-88 

8-24 

13-00 

16-66 

19-74 

42-2 

125 

6-21 

8-81 

13-90 

17-80 

21-09 

48- 

110 

6-62 

9-60 

14-98 

19-19 

22-74 

62-8 

100 

5-94 

10-05 

15-85 

20-30 

24-06 

68-7 

90 

6-88 

10-69 

16-87 

21-61 

26-60 

66' 

80 

6-78 

11-47 

18-10 

28-17 

27-46 

76-4 

70 

7-85 

12-42 

19-69 

25-09 

29-78 

88- 

60 

8-06 

13-61 

21-48 

27-51 

32-60 

105-6 

50 

8-99 

15-19 

23-96 

80-69 

86-87 

117-8 

45 

9-57 

1618 

25-68 

82-70 

88-75 

182-0 

40 

10-28 

17-87 

27-41 

85-11 

41-60 

150-8 

86 

11-14 

18-84 

29-71 

88-06 

45  10 

176- 

80 

12-28 

20-68 

82-62 

41-78 

49-51 

212-2 

26 

18-66 

28-09 

86-43 

46-67 

65-30 

264. 

20 

15-64 

26-44 

41-71 

53-43 

68-80 

852- 

16 

18-61 

81-46 

49-68 

68-57 

75-88 

628- 

10 

28-78 

40-11 

63-28 

81-06 

96-05 

586-7 

9 

25-26 

42-70 

67-87 

86-29 

102-25 

660- 

8 

27-08 

45-78 

72-22 

92-61 

109-61 

754-8 

7 

29-29 

49-51 

78-10 

100-04 

118-54 

880-0 

6 

82-06 

64-15 

85-48 

109-48 

129-66 

1066- 

5 

85-08 

60-16 

94-89 

121-64 

144-02 

1320- 

4 

40-40 

68-29 

107-73 

137-99 

168-51 

1760- 

8 

47-48 

80-26 

126-61 

162-17 

192-16 

2640- 

2 

59-47 

100-58 

158-59 

208-14 

240-70 

6280- 

1 

88-18 

148-97 

286-02 

801-04 

856-70 

Seop-SOa 
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TABLE  VIIL^For  fineHna  tJU  Mean  relocUie$  of  WaUrfioving  tn  Tipe$y  Drain*, 
8tream»t  and  Riven.— Fat  a  full  cylindrical  pipe,  divide  the  diameter  by  4  to 
find  the  hydraulic  mean  depth. 

DiameUn  <(fpipe$  2^  vushu  to  5  inchea,     BdM»  per  wHU  1  inch  to  12  feet. 


Falls 

per  mile  in  feet  and 
inchefl,  and  the            i 
irauUo  inclinations.      | 

"Hydraulic  mean 

depths.*' 

or  ••  mean 

radii/'       1 

hyc 

and  velocities  in  inches 

per  second. 

Falls. 

Inclinations   | 
one  in 

4  inch. 

■ 

linch. 

Jinch. 

linch. 

H  in.  in- 
terpolated. 

F. 

0 

I. 
1 

68360 

•65 

•78 

•79 

•85 

•96 

0 

2 

81680 

102 

118 

1-28 

1-38 

1-49 

0 

8 

21120 

1-30 

1-45 

1-58 

1-70 

1-91 

0 

4 

15840 

1-64 

1-71 

1-87 

2^01 

2-26 

i    0 

6. 

12672 

1-76 

1-95 

2-13 

2-29 

2-58 

0 

6 

10560 

1-95 

2-17 

2-36 

2-55 

2-86 

^ 

7 

9051 

213 

2-37 

2-58 

2-78 

313 

1      0 

8 

7920       1 

2-30 

2-56 

2-78 

8-00 

8-37 

0 

9 

7040       1 

2-46 

2.73 

2-98 

8-21 

3-61 

0  10 

6336 

2-61 

2-90 

316 

3-40 

8-88 

i      0 

11 

6760 

2-76 

306 

3-33 

8-59 

4-04 

j    1 

0 

6280 

2-89 

3-21 

3-60 

3-77 

4-24 

1 

8 

4224 

3-28 

3-64 

8-97 

4-27 

4-81 

1 

6 

8520 

3-63 

4  03 

4-39 

4-78 

5-82 

1 

9 

8017 

3-96 

4.39 

4-79 

516 

6^80 

2 

0 

2640 

4-26 

4-73 

516 

6-55 

6-26 

2 

8 

Interpolated. 

4-55 

6-04 

5-50 

6-92 

6-66 

2 

6 

2112 

4-83 

5-35 

5-84 

629 

7-07 

2 

9 

Interpolated. 

5-09 

6-64 

616 

612 

7-46 

8 

0 

1760 

6-34 

5-92 

6-46 

6-96 

7-88 

8 

8 

Interpolated. 

6-58 

6  19 

6-75 

7-27 

8-18 

8 

6 

1508 

5-82 

6-46 

7-04 

7-59 

8-63 

3 

9 

Interpolated. 

6  06 

6-71 

7-31 

7-88 

8-86 

4 

0 

1320 

6-27 

6-96 

7-58 

817 

9  19 

4 

6 

Interpolated. 

6-69 

7-42 

8-09 

8-71 

9-80 

5 

0 

1056 

710 

7-88 

8-69 

9-25 

10-41 

6 

6 

Interpolated. 

7-48 

8-30 

9^05 

9-76 

10-97 

6 

0 

880 

7-86 

8-72 

9-51 

10-26 

11-63 

6 

6 

Interpolated. 

8-22 

912 

9.94 

10-71 

12-05 

7 

0 

754 

8-67 

9-61 

10-37 

1117 

12-57 

7 

6 

Interpolated. 

8-92 

9-89 

10-78 

11-62 

13-06 

8 

0 

660 

9-24 

10-25 

11-18 

12  04 

13-54 

8 

6 

Interpolated. 

9-55 

10-60 

11-56 

12-45 

14-01 

9 

0 

687 

9-87 

10-95 

11-94 

12-86 

14-47 

9 

6 

Interpolated. 

1018 

11-28 

12-81 

1826 

14.91 

10 

0 

628 

i  10-48 

11-62 

12-67 

18-65 

16-86 

10 

6 

Interpolated. 

10-77 

11-95 

1308 

1408 

15-78 

11 

0 

480 

11  06 

12-27 

13-88 

14-41 

16-21 

11 

6 

Interpolated. 

11-34 

12-68 

18-72 

14-82 

16-64 

12 

0 

440 

11-62 

12-89 

1405 

15-22 

1707 
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THE  DISCHARGE  OF  WATER  FROM 


TABLE  rin.-Vorfindimg  th$  Mtam  Veheiif  of  Water  Mcwimg  m  Flpm,  Drwtsf 
Atmmm,  ojMlfMwv.-^  a  fuU  cylindrical  ^po,diTide  the  diUMtor  l^  4  to 

find  the  hydraulic  mean  depth. 

DiameUnqfpipmHimkmtobmelut.    jMUpm^mOelS/MiiobiSOfmi. 

Falls  per  mile  in  feet  and 
inohea,  and  the 

*'  Hydimulio  mean  depths,"  or  "  mean  ndil," 
and  velocities  in  inches  per  second. 

FiOls. 

one  in 

finch. 

}ineh. 

{inch. 

linch. 

ljin,in. 

13-2 

400 

12-26 

13-60 

14-88 

15-98 

17-98 

18-6 

Interpolated. 

12-49 

13-86 

15-11 

16-28 

18-31 

141 

876 

12-72 

1411 

15-39 

16-58 

18-66 

14*6 

Interpolated. 

12-98 

14-39 

15-70 

16-91 

1902 

151 

860 

18-23 

14-68 

16  00 

17-24 

19-40 

15-6 

Interpolated. 

13-52 

14-99 

16-35 

17-62 

19-81 

16-2 

326 

13-80 

16-31 

16-79 

17-99 

20-28 

17-6 

300 

14-46 

16-02 

17-48 

18-83 

21-18 

19-2 

276 

16-19 

16-86 

18-37 

19-79 

22-26 

211 

250 

16  04 

17-80 

19-40 

20-91 

28-62 

23-6 

226 

17  05 

18-91 

20-62 

22-21 

24-99 

26-4 

200 

18-25 

20-24 

22-07 

23-78 

26-75 

80-2 

175 

19-71 

21-87 

23-85 

25-69 

28-90 

86-2 

160 

21-57 

28-92 

26  09 

28-11 

31-62 

877 

140 

22-46 

24-91 

27  16 

29-26 

82*92 

42-2 

126 

23-99 

26-62 

29-08 

31-27 

35-18 

48- 

110 

25-87 

28-69 

81-29 

33-71 

87-92 

62-8 

100 

27-36 

30-85 

33-10 

35-66 

40-11 

687 

90 

29-12 

82-31 

35-23 

37-96 

42-69 

66- 

80 

31-23 

34-64 

87-78 

40-70 

45-79 

76-4 

70 

33-82 

37-61 

40-91 

44-07 

49-58 

88-0 

60 

87-08 

41  18 

44-86 

48-33 

64-86 

106-6 

60 

41-37 

46-78 

60-04 

53-91 

60-65 

117-8 

46 

44-08 

48-89 

53-82 

57-44 

64-62 

132- 

40 

47-32 

52-49 

67-25 

61-67 

69-37 

150-8 

86 

51-30 

56-90 

62-06 

66-86 

75-20 

176- 

80 

66-32 

62-47 

68-18 

73-40 

82-56 

211-2 

26 

/62-90 

69-77 

76-09 

81-97 

92-21 

264- 

20 

72-01 

79-87 

8711 

98-84 

105-56 

862- 

16 

85-68 

96-05 

103-66 

111-67 

125-61 

628- 

10 

109-26 

121-19 

13*2-17 

142-39 

160-17 

6867 

9 

116-31 

129-01 

140-70 

161-68 

170-60 

660- 

8 

124-68 

138-30 

150-88 

162-49 

182-78 

754-8 

7 

184-84 

149-57 

163-12 

175-73 

197-67 

880- 

6 

147-69 

168-60 

178-42 

192-22 

216-22 

1066- 

6 

168-82 

18171 

198-17 

213-60 

24015 

1820- 

4 

185-99 

206-31 

225-00 

242-89 

272-66 

1760- 

8 

218-58 

242-46 

264-42 

284-86 

820-48 

2640- 

2 

273-79 

803-70 

381-22 

366-82 

401-87 

6280- 

1 

405-74 

450-07 

490-84 

528-76 

694-82 
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TABLE  rill.^ForJhidiM  ikt  Uean  VeloeUiei  qf  WaUr  Mowing  m  Tipet,  Draitu, 
Btreamuy  and  Bivert.— For  a  full  oylixidrical  ]^pe,  divide  the  diameter  tr^  4  to 
find  the  hydraulic  mean  depth.  Opxn  dbauts  ahd  pipbs. —DicuM^tfrt  qrpip*' 
6  iiuJuM  to  12  imeke$.    JMUptr  miU  1  iMdk  to  Ufoet, 


Falls  per  mile  in  feet  and 

inches,  and  the 

hydraulic  inclinations. 

"  Hydraulic  mean  depths,"  or  **  mean 
and  velocities  in  inches  per  second 

radii," 

Falls. 

Inclinations 
one  In 

liinch. 

ljin.ln- 

2  inches. 

2ihiches 

3  inches. 

F.     I. 

0     1 

68860 

107 

115 

1-24 

1-40 

1-56 

0    2 

31680 

1-66 

1-80 

1-94 

2-19 

2-41 

0    8 

21120 

212 

2-80 

2-48 

2-80 

8-08 

0    4 

15840 

2-62 

2-73 

2-94 

3-34 

8-65 

0    6 

12672 

2-86 

8-11 

8-36 

3-77 

4-16 

0    6 

10660 

8  18 

3-46 

8-72 

4-19 

4-62 

0    7 

9061 

8-47 

8-77 

4-06 

4-58 

5  04 

0    8 

7920 

8-76 

4-06 

4-88 

4-94 

5-44 

0    9 

7040 

401 

4-84 

4-68 

5-28 

5-81 

0  10 

6836 

4-26 

4-61 

4-97 

6-60 

6  17 

0  11 

6760 

4-49 

4-86 

6-24 

5-91 

6-51 

1     0 

6280 

4-71 

611 

5-61 

6-21 

6-84 

1     8 

4224 

6-84 

6-79 

6-24 

7-08 

7-75 

1     6 

8520 

6-91 

6-41 

6-91 

7-79 

8-58 

1     9 

8017 

6-44 

6-99 

7-58 

8-49 

9-85 

2    0 

•       2640 

6-94 

7-63 

8-11 

9-14 

10-07 

2    3 

Interpolated. 

7-40 

8-08 

8-65 

9-74 

1074 

2    6 

2112 

7-86 

8-62 

9-18 

10-85 

11-40 

2    9 

Interpolated. 

8-28 

8-98 

9-67 

10-90 

12  01 

8    0 

1760 

870 

9-43 

1016 

11-45 

12-62 

8    3 

Interpolated. 

9-09 

9-85 

10-62 

11-97 

18-19 

8    6 

1608 

9-48 

10-28 

11-08 

12-48 

13-76 

8    9 

Interpolated. 

9-84 

10-67 

11-50 

12-96 

14-29 

4    0 

1320 

10-21 

11-07 

11-93 

13-44 

14-81 

4    6 

Interpolated. 

10-89 

11-80 

12-72 

14-34 

15-80 

5    0 

1056 

11-66 

12-54 

13-51 

15-23 

16-78 

5    6 

Interpolated. 

12-18 

13-21 

14-24 

16  04 

17-68 

6    0 

880 

12-80 

13-88 

14-96 

16-86 

18-58 

6    6 

Interpolated. 

18-88 

14-61 

15-64 

17-62 

19-42 

7    0 

764 

18-96 

15-14 

16-32 

18-39 

20-26 

7    6 

Interpolated. 

14-61 

16-73 

16-95 

19  10 

21-05 

8    0 

660 

16-06 

16-32 

17-58 

19-82 

21-84 

8    6 

Interpolated. 

15-66 

16-87 

18  18 

20-49 

22-58 

9    0 

687 

16-07 

17-48 

18-78 

21-17 

28-32 

9    6 

Interpolated. 

16.67 

17-97 

19-36 

21-82 

24-04 

10    0 

628 

17-06 

18-50 

19-94 

22-47 

24-76 

10    6 

Interpolated. 

17-64 

19-01 

20-49 

23-09 

25-45 

11     0 

480 

18-01 

19-53 

21-04 

23-72 

26  18 

11    6 

Interpolated. 

18-47 

20-02 

21-57 

24-82 

26-79 

12    0 

440 

18-92 

20-61 

22-11 

24-91 

27-45 
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TABLE  VITI.—ForJtndMa  ike  Mean  VeloeUie$  qf  WaUrJUtwing  m  P^,  Drmtu'. 
Streams,  and  Swen.—For  a  ftill  cyllndricftl  pipe,  dlTide  the  diameter  by  4  to 
find  the  hydraulic  mean  depth. 
Diameteraqfpipet6inche9iol4inek«$,    FlaUtper  miU  13  feet  to  5i80  feet 


nOla  per  mile  in  feet,  and 

*'  Hydraulic  mean  depths," 

or  "mesn 

iradii,'* 

the  hydraulic  inclinations. 

and  Telodties  in  inches  per  second.            1 

Falls. 

IndinationiB, 
one  in 

liinches 

2  inches. 

2i  inches 

3  inches. 

3^inchei 

F. 

13-2 

400 

19-97 

28-34 

26-30 

28-98 

31-44 

13-6 

20-34 

23-77 

26-79 

29-52 

82-03 

14-1 

875 

20-72 

24-21 

27-28 

30  06 

32-62 

14-6 

21-18 

24-69 

27-83 

30-67 

33-27 

15  1 

350 

21-56 

26-18 

28-38 

31-27 

33-93 

15-6 

22-01 

25-72 

28-99 

31-94 

84-66 

16-2 

825 

22-48 

26-27 

29-60 

32-62 

86-39 

17-6 

300 

28-63 

27-50 

30-99 

34-15 

37-05 

19-2 

275 

24-74 

28-90 

32-57 

35-89 

38-94 

21  1 

250 

26-13 

80-53 

34-41 

37-91 

41  14 

23-5 

226 

27-76 

32-44 

36-56 

40-28 

48-71 

26-4 

200 

29-72 

34-72 

39  13 

^3-12 

46-79 

80-2 

175 

82-11 

37-62 

42-28 

46-59 

60-55 

85-2 

150 

3613 

41-04 

46-26 

50-97 

66-30 

37-7 

140 

36-57 

42-73 

48-16 

63-07 

67-68 

42-2 

126 

39  08 

45-66 

61-46 

66-71 

61-63 

48- 

110 

42  13 

49-23 

65-48 

6113 

66-33 

62-8 

100 

44-67 

62-07 

58-69 

64-67 

70-17 

68-7 

90 

47-48 

55-42 

62-46 

68-83 

74-68 

66- 

80 

50-87 

69-44 

66-99 

73-81 

80-09 

76-4 

70 

65-08 

64-36 

72-50 

79-92 

86-72 

88- 

60 

60-39 

70-57 

79-53 

87-63 

96-09 

105-6 

50 

67-38 

78-73 

88-73 

97-77 

106-08 

117-8 

45 

71-79 

83-88 

94-54 

104-17 

113-03 

132- 

40 

77-07 

90-06 

101-50 

118-84 

121-86 

150-8 

35 

83-65 

97-63 

110-08 

121-24 

181-66 

176- 

30 

91-72 

107-18 

120-79 

133-10 

144-41 

211-2 

25 

102-44 

119-70 

134-90 

148-65 

161-29 

264- 

20 

117-28 

137  03 

164-44 

17018 

184-65 

352- 

16 

139-56 

16806 

183-78 

202-50 

219-72 

528- 

10 

177-95 

207-92 

284-33 

258-21 

280-16 

586-7 

9 

189-43 

221-34 

249-45 

274-87 

298-24 

660- 

8 

20307 

237-28 

267-42 

294-67 

319-72 

754-8 

7 

219-61 

256-61 

289-20 

818-67 

345-77 

880- 

6 

240-22 

281-36 

316-33 

348-57 

378-20 

1056- 

5 

266-81 

311-75 

351-35 

387-16 

420-07 

1820- 

4 

302-92 

853-96 

398-91 

439-65 

476-93 

1760- 

8 

356-00 

415-96 

468-80 

516-57 

560-49 

2640' 

2 

445-98 

621-04 

587-22 

647-06 

702-08 

6280- 

1 

660-84 

772-16 

870-23 

958-91 

1040-44 
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TABLE  nil.^lbrjtndinff  iht  Jiean  VOodHf  qf  Water Jhwimg  in  Pijm.  DroMW, 
Streamtt  and  IUver$.~for  a  full  cylindrical  pipe,  dlridd  the  diameter  by  4  to 
find  the  hydraulic  mean  depth. 
2>iameten  <fpipe$  14  inehn  to  22  ineha.    FalU  per  mile  1  inch  to  12  ftet. 


Palla  per  mile  in  feet  and 

inches,  and  the 

hydraulic  inclinations. 

"  Hydraulic  mean  depths,"  or  *'  mean  radii," 
and  Telooities  in  inches  per  second. 

P^UIs. 

Inclinatiens, 
one  in 

3}  inches 

4  inches. 

4ihiches 

6  inches. 

6iinchet 

F.     I. 
0     1 

68360 

1-68 

1-80 

1-91 

2-02 

213 

0     2 

31680 

2-61 

2-81 

2-98 

8-16 

3-82 

0    8 

21120 

3-84 

8-69 

8-82 

4-03 

4-24 

0     4 

15840 

3-96 

4-26 

4-52 

4-78 

5  02 

0    6 

12672 

4-51 

4-84 

6-15 

5-44 

6-72 

0    6 

10660 

6  01 

6-87 

5-72 

6-04 

6-85 

0    7 

9061 

6-47 

6-87 

6-24 

6-60 

6-94 

0    8 

7920 

6-90 

6-38 

6-74 

712 

7-48 

0    9 

7040 

6-31 

6-77 

7-20 

7-61 

8-00 

0  10 

6836 

6-70 

7-18 

7-64 

8-08 

8-49 

0  11 

6760 

7-06 

7-68 

8-06 

8-62 

8-96 

1     0 

6280 

7-42 

7-96 

8-47 

8*95 

9-41 

1     8 

4224 

8-41 

9-02 

9-60 

10-14 

10-66 

1    6 

8520 

9-31 

9-99 

10-63 

11-23 

11-80 

1     9 

3017 

10-15 

10-89 

11-68 

12-24 

12-86 

2    0 

2640 

10-93 

11-73 

12-47 

13-18 

13-86 

2    8 

Interpolated. 

11-66 

12.60 

18-80 

1405 

14-77 

2    6 

2112 

12-37 

18-28 

14-12 

14-93 

16-69 

2    9 

Interpolated. 

1808 

13-68 

14-88 

15-72 

16-63 

8    0 

1760 

18-69 

14-69 

15-63 

16-52 

17-86 

8    3 

Interpolated. 

14-81 

16-35 

16-83 

17-26 

18-14 

8    6 

1608 

14-92 

16-01 

17  08 

1800 

18-92 

3    9 

Interpolated. 

16-60 

16-63 

17-69 

1870 

19-65 

4    0 

1820 

16  07 

17-25 

18-85 

19-89 

20-38 

4    6 

Interpolated. 

17-14 

18-89 

19-66 

20-68 

21-78 

5    0 

1066 

18-21 

19-68 

20-78 

21-96 

28-08 

5    6 

Interpolated. 

19-18 

20-68 

21-90 

28-14 

24-32 

6    0 

880 

20-16 

21-68 

28-01 

24-82 

26-56 

6    6 

Interpolated. 

21-07 

22-61 

24-06 

25-42 

26-72 

7    0 

754 

21-98 

23-59 

26-09 

26-62 

27-87 

7    6 

Interpolated. 

22-84 

24-60 

26-07 

27-56' 

28-96 

8    0 

660 

28-69 

25-42 

27-04 

28-68 

80-04 

8    6 

Interpolated. 

24-60 

26-29 

27-97 

29-56 

81-06 

9    0 

687 

25-81 

27-54 

28-89 

30-63 

32-09 

9    6 

Interpolated. 

26  09 

27-99 

29-78 

31-47 

88-08 

10    0 

628 

26-87 

28-83 

80-67 

82-41 

84-06 

10    6 

Interpolated. 

27-61 

29-62 

81-52 

83 -31 

85-01 

11    0 

480 

28-86 

30-42 

32-87 

34-20 

86-96 

11    6 

Interpolated. 

29-07 

31-19 

88-18 

86-07 

86-86 

12    0 

440 

29-79 

81-96 

34-00 

36-93 

87-77 
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TABLE  VIII.^TbrfimUMihtMMM  VdctUimof  Water  Mowing  in  Pigm.  Dnrnu, 
Streams^  and  Sivtn.— Far  a  full  pylindriol  pip«,  divide  the  diameter  by  4  to 
find  the  hydmulic  mean  depth. 
DiamtUn  f^fipet  10  imOm  to  2  foot.    FdU$  per  miU  Uf^t  to  5280/m<. 


Falla  per  mUe  in  feet 
and  the 
hydraulic  InoHiwttoiup. 

FalU. 

Inclination, 
one  in 

4indhea. 

4i  inches 

5  inches.  5ilnches 

6  inches. 

F. 

18-2 

400 

88-74 

35-89 

87-93 

39-87 

41-72 

13-6 

Interpolated. 

84-37 

86-56 

38-64 

40-61 

42-50 

14  1 

875 

35-00 

37-23 

89-36 

41-36 

43-28 

14-6 

Interpolated. 

35-70 

37-98 

40-14 

4219 

44-16 

151 

350 

86-40 

88-78 

40*92 

43-02 

45-01 

15-6 

Interpolated. 

37-19 

89-56 

41-81 

48-94 

45-99 

16-2 

825 

87-97 

40-40 

42-69 

44-87 

46-96 

17-6 

300 

89-75 

42-29 

44-69 

46*97 

49-16 

19*2 

275 

41-78 

44-45 

46-97 

49-88 

61-67 

21  1 

250 

44-14 

46-95 

49-62 

5216 

64-68 

28-5 

225 

46-90 

49-90 

52-72 

65-42 

68-00 

26-4 

200 

60-20 

68-41 

66-44 

69-32 

62*08 

80-2 

175 

54-24 

67-71 

60-98 

64-10 

67-07 

85-2 

150 

69-34 

68-13 

66-71 

70-12 

78-37 

87-7 

140 

61-78 

66-72 

69-45 

78-00 

76-39 

42*2 

125 

66-02 

70-28 

74-22 

78-01 

81-64 

48- 

110 

7117 

75-72 

80-01 

84-10 

88-00 

62-8 

100 

75-29 

80-09 

84-64 

88-97 

93-10 

68-7 

90 

80-18 

85-25 

90-08 

94-69 

99-09 

66- 

80 

85-98 

91-42 

96-61 

101-64 

106-26 

76-4 

70 

93-04. 

98-98 

104-60 

109-95 

116-05 

88- 

60 

10202 

108-54 

114-70 

120-56 

126  16 

105-6 

50 

113-82 

121-09 

127-96 

134-50 

14074 

117-3 

45 

121-27 

129-01 

136-34 

143-30 

149-96 

182- 

40 

180-20 

138-51 

146-38 

168-86 

161-00 

150-8 

85 

141-14 

150  16 

158-68 

166-79 

174-63 

176- 

30 

154*95 

164-84 

174-20 

183-10 

191-61 

211-2 

25 

178-05 

184-10 

194-56 

204-50 

21400 

264- 

20 

19812 

210-77 

222-78 

23411 

244-98 

852- 

15 

285-75 

250-80 

266  04 

278-68 

291-62 

528- 

10 

300-60 

319-80 

837-95 

355-22 

371-71 

586-7 

9 

320-00 

340-43 

369 -76 

378  14 

395-70 

660- 

8 

343-04 

369-65 

385-67 

406-37 

424-20 

754-8 

7 

370-99 

394-68 

417-08 

438-39 

468-76 

880- 

6 

405-79 

481-70 

456-21 

479-62 

601-79 

1056- 

6 

450-71 

479-49 

506-71 

632-60 

657-84 

1320- 

4 

511-72 

544-39 

676-30 

604-69 

632-78 

1760- 

.     3 

601-38 

639-78 

676-10 

710-64 

743-65 

2640- 

2 

753-29 

801-89 

846-89 

890-16 

931-50 

6280- 

1 

1116-36 

1187-62 

125604 

1819-17 

1380-44 
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TABLE  rilL—ForJlndiM  the  Mean  VeloeUtM  qf  Water  flowing  m  Fwe$,  Draiiu^ 
Streamer  and  Bioera,— The  hydraulic  mean  depth  is  found  for  all  channels,  ^y 
dividing  the  wetted  perimeter  Into  the  area. 
Hydraulic  mean  depth*  6  inchee  to  10  inehe*.    Falle  per  mile  1  tii«*  to  Ufeet. 


Falls  per  mile  in  feet 

and  inches,  and  the 

hydraulic  inclinations. 

"Hy 

J 

6  inches. 

draullcmei 
md  yelocitj 

7iQ0hes. 

m  depths," 
es  iu  inche 

8  Inches. 

or  "  mean  radii/* 
B  per  second. 

FaUs.  !    ^^^^"^ 

9  inches. 

10  inches. 

F.     L 
0      1 

68860 

2-28 

2-41 

2-58 

2-76 

2-90 

0     2 

81680 

8-47 

8-76 

4-03 

4-28 

4-52 

0     8 

21120 

4-48 

4-80 

5-15 

6-47 

5-78 

0     4 

15840 

5-26 

6-69 

6-10 

6-49 

6-85 

0    6 

12672 

5-98 

6-48 

6-95 

7-89 

7-80 

0    6 

10660 

6-65 

7-20 

7-72 

8-20 

8-66 

0    7 

9051 

7-26 

7-86 

8-48 

8-96 

9-46 

0    8 

7920 

7-83 

8-48 

9-09 

9-67 

10-21 

0    9 

7040 

8-87 

9-07 

9-72 

10-88 

10-91 

0  10 

6886 

8-88 

9-63 

10-82 

10-97 

11-58 

0  11 

5760 

9-87 

10-16 

10-89 

11-67 

12-22 

1     0 

6280 

9-84 

10-67 

11-48 

12-15 

12-83 

1     3 

4224 

1116 

12-09 

12-95 

18-77 

14-54 

1     6 

8520 

12-85 

13-38 

14-84 

16-26 

16-10 

1     9 

8017 

18-46 

14-58 

15-63 

16-61 

17-54 

2    0 

2640 

14-50 

15-71 

16-84 

17-90 

18-90 

2    8 

Interpolated. 

15-45 

16-75 

18-24 

19-08 

20-15 

2    6 

2112 

16-42 

17-79 

19-64 

20-26 

21-40 

2    9 

Interpolated. 

17-29 

18-74 

20-37 

21-84 

22-54 

3     0 

1760 

18-17 

19-69 

21-10 

22-42 

23-68 

3    8 

Interpolated. 

18-99 

20-57 

2205 

28-48 

24-75 

3    6 

1508 

19-80 

21-46 

23-00 

24-44 

25-81 

3    9 

Interpolated. 

20-56 

22-28 

28-88 

26-38 

26-80 

4    0 

1320 

21-38 

28-11 

24-77 

26-82 

27-80 

4    6 

Interpolated 

22-74 

24-64 

26-41 

28-07 

29-64 

5    0 

1056 

24-16 

26-17 

28-06 

29-81 

81-48 

5     6 

Interpolated. 

25-45 

27-58 

29-66 

81-42 

33-17 

6     0 

880 

26-75 

28-98 

81-06 

88-02 

34-86 

6     6 

Interpolated. 
754 

27-96 

80-29 

82-47 

84-51 

86-44 

7    0 

2917 

81-60 

88-87 

86-00 

38-02 

7     6 

Interpolated. 

30-80 

82-83 

85-19 

87-40 

89-50 

8    0 

660 

81-48 

84-06 

86-60 

38-80 

40-97 

8    6 

Interpolated. 

82-51 

36-22 

87-76 

40-12 

42-37 

9    0 

687 

33-68 

86-89 

88-99 

41-45 

48-77 

9    6 

Interpolated. 

34-61 

87-50 

40-20 

42-72 

46-11 

10    0 

628 

85-65 

88-68 

41-40 

44-00 

46-46 

10    6 

Interpolated. 

86-63 

89-69 

42-64 

45-22 

47-75 

11     0 

480 

37-62 

40-76 

48-69 

46-44 

49-08 

11     6 

Interpolated. 

88-57 

41-79 

44-79 

47-61 

50-27 

12    0 

440 

39-62 

42-82 

45-90 

48-78 

51-51 
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TABLE  VIII.— For  JindiM  the  Mean  VelocUiee  qf  WaUrJUmiug  in  Pipm^  Drain*, 
StreawUf  and  Biver$.— The  hvdraulic  mean  depth  ia  found  fen*  all  chaj)nfl«  by 


dividing  the  wetted  perimeter  into  the  i 
Hgdraulie  mean  deptkt  1 1  inehee  to  21  inekee. 


F\atte  per  mile  1  inch  U>  12  feet. 


Falls  per  mile  in  feet 
and  inches,  and  the 

**  Hydraulic  mean  depths,"  or  "  mean  radii," 

Palls. 

Indfnationfl^ 
one  in 

11  inches 

12  inches.  15  inches. 

18  inches. 

21  inches. 

P.    I. 
0     1 

63860 

8  05 

819 

3-57 

8-92 

4-25 

0    2 

81680 

4-75 

4-97 

5-57 

6-12 

6-62 

0    8 

21120 

6-07 

6-35 

7-12 

7-82 

8-46 

0    4 

15840 

7-19 

7-53 

8-44 

9-27 

1003 

0    5 

12672 

8  19 

8-57 

9-61 

10-55 

11-42 

0    6 

10560 

9-10 

9-52 

10-67 

11-72 

12-68 

0    7 

9051 

9-94 

10-39 

11-66 

12-80 

13-85 

0    8 

7920 

10-72 

11-21 

12-57 

13-81 

14-94 

0    9 

7041 

11-46 

11-99 

13-44 

14-76 

16-97 

0  10 

6836 

1216 

12-72 

14-27 

15-66 

16-95 

0  11 

5760 

12-83 

13-42 

15-05 

16-58 

17-88 

1     0 

5280 

13-48 

14-09 

15-81 

17-36 

18-78 

1     8 

4224 

15-27 

15-97 

17-91 

19-67 

21-28 

1     6 

8520 

16-91 

17-68 

19-83 

21-78 

23-56 

1     9 

8017 

18-23 

19-27 

21-62 

28-78 

25-68 

2    0 

2640 

19-85 

20-76 

23-28 

25-63 

27-66 

2    8 

Interpolated. 

21-16 

22-18 

24-82 

27-29 

29-49 

2    6 

2112 

22-48 

23-51 

26-86 

28-95 

81-32 

2    9 

Interpolated. 
1760 

28-68 

24-76 

27-77 

80-49 

32-99 

8    0 

24-88 

26-02 

29-18 

82-04 

84-67 

8    8 

Interpolated. 

25-99 

27  18 

30-47 

33-48 

86-22 

3    6 

1508 

27-11 

28-35 

51-77 

34-92 

37-78 

8    9 

Interpolated. 

28-15 

29-45 

38-01 

36-26 

39-23 

4    0 

1820 

29-20 

30-54 

84-25 

37-60 

40-69 

4    6 

Interpolated. 

31  13 

82-56 

36-52 

40-10 

43-89 

5    0 

1056 

38-07 

84-59 

38-79 

42-59 

46  09 

5    6 

Interpolated. 
880 

84-85 

36-44 

40-87 

44-88 

48-56 

6    0 

86-62 

38-30 

42-95 

47-16 

51-03 

6    6 

Interpolated. 

38-28 

40-03 

44-90 

49-80 

53-34 

7    0 

754 

89-98 

41-76 

46-84 

51*43 

55-65 

7    6 

Interpolated. 

41-48 

48-89 

48-66 

53-48 

57-81 

8    0 

660 

43  04 

45  01 

50-48 

55-42 

59-97 

8    6 

Interpolated. 

44-50 

46-54 

52-20 

57-32 

62-02 

9    0 

587 

45-97 

48-08 

53-92 

59-21 

6406 

9    6 

Interpolated. 

47-39 

49-56 

55-58 

61-03 

66-04 

10    0 

528 

48-80 

5104 

57-24 

62-85 

68-01 

10    6 

Interpolated. 

5015 

52-45 

58-83 

64-59 

69-89 

11     0 

480 

51-51 

53-87 

60-41 

66-38 

71-78 

11     6 

Interpolated. 

52-81 

55-28 

61-94 

68-01 

78-59 

12     0 

440 

54  11 

56-59 

63-47 

69-68 

75-40 
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TABLE  rTn.—ForJlndina  ih^  Mean  VeloeUiei  qf  Water  flowing  in  Pipn,  Draint, 
Stream;  and  Rivere.  —Txi»  hydraulic  mean  depth  is  roiuid  for  all  chajmels  by 
dividing  the  wetted  perimeter  into  the  area. 
HjfdrauUe  mean  deptke  24  inehee  to  A  feet.    Fall*  per  mle  1  inek  to  12  feet. 


Falls  per  mile  in  feet 

and  inches,  and  the 

hydraulic  Inclinations. 

"  Hydraulic  mean  depths,"  or  "  mean  radii," 
and  velocities  in  inches  per  second. 

Falls. 

Inclinations, 
one  in 

24  inch. 

30  inches. 

36  inches. 

42  inches. 

48  inches. 

F.    I. 
0     1 

63360 

4-54 

5  09 

5-59 

6-04 

6-47 

0     2 

81680 

7  09 

7-94 

8-71 

9-42 

10  08 

0     3 

21120 

9  06 

10-15 

11-14 

1204 

12-89 

0     4 

16840 

10-73 

1203 

13-20 

14-27 

16-27 

0     5 

12672 

12-22 

13-69 

16-08 

16-25 

17-39 

0    6 

10560 

13-57 

15-21 

16-69 

18-05 

19-31 

0    7 

9061 

14-83 

16-61 

18-28 

19-71 

21-09 

0    8 

7920 

16-99 

17-92 

19-66 

21-27 

22-76 

0    9 

7041 

17-10 

19-16 

21-02 

22-73 

24-33 

0  10 

6336 

18-16 

20-83 

22-81 

2418 

26-82 

0  11 

5760 

1916 

21-45 

23-64 

25-46 

27-24 

1     0 

6280 

20-11 

22-53 

24-72 

26-78 

28-61 

1     3 

4224 

22-78 

26 -68 

28-01 

30-29 

82-42 

1     6 

3620 

25-23 

28-27 

3102 

83-54 

85-90 

1     9 

8017 

27-49 

30-81 

33-80 

36-65 

39-12 

2    0 

2640 

29-62 

33-18 

36-41 

39-38 

42-14 

2    3 

Interpolated. 

81-67 

85-88 

88-82 

41-98 

44-92 

2    6 

2112 

83-63 

37-57 

41-22 

44-68 

47-71 

2    9 

Interpolated. 
1760 

35-32 

89-58 

43-48 

46-96 

50-26 

8    0 

3711 

41-68 

45-63 

49-34 

62-81 

3    3 

Interpolated. 

88-78 

43-45 

47-68 

61-56 

65-18 

8    6 

1608 

40-45 

45-82 

49-73 

53-78 

67 -55 

8    9 

Interpolated. 

42-00 

47  07 

61-64 

65-86 

69-77 

4    0 

1320 

43-56 

48-81 

63-66 

67-92 

61-98 

4    6 

Interpolated. 

46-45 

62  05 

6711 

61-76 

66-09 

5    0 

1066 

49*34 

66-28 

60-66 

66-60 

70-20 

5    6 

Interpolated. 
880 

61-99 

58-25 

63-91 

6912 

73-97 

6    0 

64-68 

61-22 

67-17 

72-64 

77-74* 

6    6 

Interpolated. 
764 

57-11 

63-99 

70-21 

75-93» 

81-25 

7    0 

59-68 

66-76 

73-25 

79-21 

84-77 

7    6 

Interpolated. 

61-89 

69-36 

76  •09* 

87-29 

88-06 

8    0 

660 

64-21 

71-94 

78-94 

86-37 

91-35 

8    6 

Interpolated. 

66-40 

74-40 

81-63 

88-26 

94-47 

9    0 

687 

68-59 

76-85* 

84-32 

91  19 

97-69 

9    6 

Interpolated. 

70-60 

79-22 

86-92 

94  00 

100-69 

10    0 

628 

72-81 

81-58 

89-62 

96-81 

108-60 

10    6 

Interpolated. 

74-88 

88-84 

91-99 

99-49 

106-47 

11    0 

480 

76-84* 

86-10 

94-47 

102-17 

109-88 

11    6 

Interpolated. 

78-78 

88-28 

96-86 

104-76 

112-10 

12    0  1          440 

80-72 

90-45 

99-25 

107-38 

114-86 
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TABLE  rin.—Forllnamg ilu  JTmm  VOocUim  <f  WaUrfomma  m  Ptpet,  I>r9t»s^ 
8treawu,  and  Biven.  —the  hydrauUo  mosn  depth  is  found  for  «11  chumau  by 
dlTtding  the  wetted  perimeter  into  the  area. 
MydnmUe  msan  ieptk$  Aftet  6  %ndu9  to  T  feet.    VaXUfermXU\imAxo\lfeeL 


Falls  per  mile  in  feet 
and  inches,  and  the 

and  velocity  in  inohea 

or '*  mean 
per  second 

radii." 

nJla. 

IncUnationa, 
one  in 

54  inch. 

60  inches. 

66  inches. 

72  inches. 

84faiche8. 

F.    I. 
0     1 

68860 

6-86 

7-24 

7-60 

7*94 

8-58 

0     2 

81680 

10-70 

11-29 

11-85 

12-38 

18-39 

0     8 

21120 

18-68 

14-62 

15-14 

15-88 

17-11 

0     4 

15840 

16-21 

17  10 

17-95 

18-76 

20-28 

0     5 

12672 

18-46 

19-47 

20-48 

21-85 

28-18 

0     6 

10560 

20-50 

21-63 

22-70 

28-72 

25-64 

0     7 

9051 

22-39 

28-62 

24-79 

25-90 

2800 

0     8 

7920 

24-16 

25-48 

26-74 

27-95 

30-21 

0    9 

7041 

25-83 

27-24 

28-69 

29-88 

82-30 

0  10 

6886 

27-41 

28-91 

80-34 

81-71 

34-28 

0  11 

6760 

28-92 

30-61 

82-01 

88.46 

8617 

1     0 

6280 

30-87 

3208 

88-62 

8618 

37-98 

1     8 

4224 

34-41 

36-80 

88  10 

89-81 

4804 

1     6 

8520 

88-10 

40-19 

42-18 

44-08 

47-65 

1     9 

8017 

41-52 

43-80 

45-97 

48-04 

61-93 

2    0 

2640 

44-73 

47-18 

49-52 

61-75 

56-94 

2    8 

Interpolated. 
2112 

47-69 

60-30 

6279 

65-17 

69-64 

2    6 

50-65 

63-42 

66-07 

68-59 

63-34 

2    9 

Interpolated. 
1760 

58-85 

66-28 

69-06 

61-72 

66-72 

8    0 

56  06 

6918 

62-05 

64-86 

70-10 

8    8 

Interpolated. 
1608 

68-57 

61-79 

64-84 

67-76 

73-25 

8    6 

61-09 

64-44 

67-68 

70-67 

76-40* 

8    9 

Interpolated. 

63-44 

66-92 

70-23 

78-89 

79-85 

4    0 

1320 

05-80 

69-41 

72-84 

76-11* 

82-29 

4    6 

Interpolated. 
1056 

70-16 

74  01 

77-67» 

81-16 

87-74 

5    0 

74-62 

78-61* 

82-50 

86-21 

98-20 

5    6 

Interpolated. 

78-52» 

82-83 

86*92 

90-84 

98-20 

6    0 

880 

82-52 

87-05 

91-35 

95-46 

108-20 

6    6 

Interpolated. 
754 

86-25 

90-98 

95-68 

99-78 

107-87 

7    0 

89-99 

94-92 

99-62 

10410 

112-54 

7    6 

Interpolated. 

93-48 

98-61 

103-48 

108-14 

116-91 

8    0 

660 

96-98 

102-30 

107-86 

112-19 

121-28 

8    6 

Interpolated. 

100-29 

105-79 

111-02 

116-01 

126-42 

9    0 

687 

103-69 

109-27 

114-68 

119-84 

129-56 

9    6 

Interpolated. 

106-78 

112-64 

118-21 

128-58 

188-65 

10    0 

628 

109-97 

116-01 

121-74 

127-22 

137-64 

10    6 

Interpolated. 

113-02 

119-22 

12611 

130-74 

141-84 

11    0 

480 

11606 

122-43 

128-48 

184-27 

14515 

11    6 

Interpolated. 

119-00 

125-62 

181-73 

187-66 

148-82 

12    0 

121-93 

128-61 

134-97 

141-06 

152-49 

Digitized  by  VjOOQ  IC 


OIOFICES,   WEIRS,  PIPES,  AND  RIVERS. 


479 


TABLE  VJU.—FhrJtndmg  the  Mean  VelccUiei  qf  Water Jhwina  •»  Pipn,  Drabu, 
8tr§am»f  and  JUmt*.— Tne  hvdxmuUc  mean  depth  is  round  for  all  chanpelB  by 
diyiding  the  wetted  perimeter  into  the  area. 

H^dramliemeamd^htSfeHioUfeH.    F^MUtpermUelimektolifeet. 


nois  per  mile  in  feet 

and  biches,  and  the 

hydraulic  inolinatlona. 

and  Telocities  in'inches  per  second. 

Falls. 

Inclinations, 
one  in 

96  inch. 

108 
inches. 

120 

132 
inches. 

144 
inches. 

F.    I. 

0     1 

68800 

918 

9-76 

10-28 

10-79 

11-27 

0     2 

81680 

14-32 

15-20 

16-03 

16-82 

17-67 

0    8 

21120 

18-30 

19-48 

20-49 

21-50 

22-46 

0    4 

15840 

21-69 

23-02 

24-28 

25-47 

26-62 

0    6 

12672 

24-70 

26-21 

27-64 

29-00 

30-81 

0    6 

10560 

27-48 

29-11 

80-70 

32-21 

38-66 

0    7 

9051 

29-96 

31-80 

88-58 

85-18 

36-76 

0    8 

7920 

32-82 

84-80 

86-18 

87-96 

89-66 

0    9 

7041 

84-56 

86-67 

38-67 

40-58 

42-40 

0  10 

6886 

86-67 

38-92 

41-04 

4307 

45-00 

0  11 

5760 

88-69 

41-06 

48-81 

46-44 

47-48 

1    0 

5280 

40-68 

48-12 

45-48 

47-72 

49-86 

1    8 

4224 

46-04 

48-87 

51-64 

64-07 

66-50 

1    6 

8520 

50-98 

5411 

67-06 

69-87 

62-56 

1    9 

8017 

55-60 

68-96 

62-18 

66-26 

68-17 

2    0 

2640 

59-85 

68-62 

66-98 

70-28 

73-44« 

2    8 

Interpolated. 

63-80 

67-72 

71-41 

74-98» 

78-29 

2    6 

2112 

67-76 

71-91 

76-84» 

79-68 

88-16 

2    9 

Interpolated. 
1760 

71-88 

75-75» 

79-89 

88-88 

87-59 

3    0 

76-00* 

79-69 

88-94 

88-08 

92-03 

8    8 

Interpolated. 

78-87 

88-17 

87-71 

92-08 

9616 

8    6 

1508 

81-74 

86-76 

91-48 

96-99 

100-30 

8    9 

Interpolated. 

84-88 

90-09 

96-01 

99-69 

104-16 

4    0 

1320 

88-08 

93-48 

98-68 

108-88 

108-02 

4    6 

Interpolated. 

98-87 

99-62 

106-06 

110-24 

11518 

5    0 

1056 

99-70 

105-82 

111-59 

117-09 

122-34 

5    6 

Interpolated. 

105-06 

111-49 

117-58 

128-38 

128-91 

6    0 

880 

110-41 

11717 

128-57 

129-66 

185-48 

6    6 

Interpolated. 
f54 

115-40 

122-47 

129-16 

186-68 

141-61 

7    0 

120-40 

127-76 

134-76 

141-89 

147-78 

7    6 

Interpolated. 

125-07 

182-74 

139-99 

146-88 

158-47 

8    0 

660 

129-75 

187-70 

145-22 

152-38 

159-21 

8    6 

Interpolated. 

184-18 

142-40 

160-18 

167-57 

164-64 

9    0 

587 

188-60 

14710 

166-18 

162-77 

17007 

9    6 

Interpolated. 

142-87 

161-68 

169-91 

167-78 

175-81 

10    0 

528 

147-14 

166  16 

164-68 

172-80 

180-66 

10    6 

Interpolated. 

151-21 

160-48 

169-24 

177-58 

186-65 

11    0 

480 

155-29 

164-80 

173-80 

182-36 

190-64 

11    6 

Interpolated, 
440 

159-21 

168-97 

178-19 

186-97 

196-86 

12    0 

168-18 

173-18 

182*59 

191-58 

20017 
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TABLE  IT.^FlarJtMdinff  ike  Diackaiy  in  Cubie  Feeiper  Uimute,  when  the  DiamtUr 
efa  Pipe,  or  Orjfiee,  and  the  V^oeUf  qfDieeharye  are  known;  and  vice  vend. 


Discharge  in  cubic  feet 

per  minute,  for  different  Telooities.           | 

Velocity  of 
100  inches 

Velocity  of 
200  inches 

Velocity  of 
300  indies 

Velocity  of 
400  inches 

Velocity  of 
500  inches 

per  second. 

per  second. 

per  second. 

per  second. 

per  second. 

i 

•170442 

•8409 

.6113 

-6818 

•8522 

i 

•68177 

1-8635 

20458 

2-7271 

8-4089 

i 

1-58898 

80679 

4-6019 

61859 

7-6699 

1 

2-727077 

5-4541 

8-1812 

10-9088 

18-6354 

U 

4-26106 

8-5221 

12-7832 

17  0442 

21-8058 

1* 

618693 

12-2718 

18-4080 

24-5437 

80-6797 

li 

8-36167 

16-7083 

25-0560 

83-4067 

41-7584 

2 

1090881 

21-1817 

82-7249 

43-6332 

64-6415 

^ 

13-80688 

27-6117 

41-4175 

55-2283 

69-0291 

H 

1704423 

34-0886 

51-1827 

681769 

85-2212 

21 

20-62852 

41-2470 

61-8706 

82-4941 

108-1176 

8 

24-54869 

49-0874 

78-6811 

981748 

122-7185 

H 

28-80476 

57-6095 

86-4148 

115-2190 

144-0288 

H 

88-40669 

66-8184 

100-2201 

138-6268 

167-0385 

Sf 

88-84952 

76-6990 

115-0486 

158-8981 

191-7476 

4 

43-68828 

87-2665 

180-8997 

174-5329 

218-1662 

H 

49-25788 

98-5157 

147-7785 

197-0818 

246-2892 

4 

56-22881 

110-4466 

165-6699 

220-8932 

2761166 

4 

61-52968 

128-0694 

184-5890 

246-1187 

807-6484 

5 

68-17692 

186-8689 

204-5808 

272-7077 

840-8846 

^i 

75-16506 

160-3301 

225-4952 

300-6608 

376-8253 

5i 

82^49408 

164-9882 

247-4822 

329-9768 

412-4704 

^i 

90-16399 

180-3280 

270-4920 

860-6560 

450-8200 

6 

98-17478 

196-8496 

294-5248 

392-6991 

490^8789 

6i 

106-52645 

218-0529 

819-6794 

426-1058 

582-6828 

115-2190 

280-4880 

845-6670 

460-8760 

576-0950 

6f 

124-25245 

248-5049 

872-7674 

4970098 

621-2628 

7 

188-6268 

267-2536 

400-8804 

584-5072 

668-1340 

n 

148-84199 

286-6840 

4300260 

573.3680 

716-7100 

11 

153-39809 

806-7962 

460-1948 

613-5924 

766-9905 

168-79507 

827-5901 

491-8852 

6551803 

818-9753 

8 

174-58293 

8490659 

528-5988 

698-1317 

872-6647 

84 

197-03182 

894-0626 

591-0940 

788-1258 

985-1566 

9 

220-89825 

441-7865 

662-6798 

883-5780 

1104-4663 

»i 

246-11871 

492-2874 

788-3561 

984-4784 

1230-5986 

10 

272-70771 

546-4154 

8181281 

1090-8308 

1863-5886 

lOi 

300-66026 

601-3205 

901*9808 

1202-6410 

1508-8018 

11 

829-97638 

669-9527 

989-9290 

1819-9053 

1649-8817 

Hi 

860-65596 

721-3119 

1081-9679 

1442-6238 

1803-2798 

12 

392-69910 

785*8982 

1178-0978 

1570-7964 

1963-4955 
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TABLE  IZ.^ForJinding  tk«  Di»ekartt§in  Cubie  Feet  per  MtHute^when  the  Diameter 
qfa  Pipet  or  Orifice,  and  the  Velocity  of  Diteharge  are  kttown  ;  and  vice  ver$d. 


Discharge  in  cubic  feet  per  minute,  for  different  velodtieB. 

in 

Velocity  of 
600  inches 

Velocity  of 
700  inches 

Velocity  of 
800  inches 

Velocity  of 
900  inches 

Velocity  in 
1000  inches 

per  second. 

per  second. 

per  second. 

per  second. 

per  second. 

g  o  a 

1-0227 

11931 

1-8685 

1-5340 

1-7044 

1 

4-0906 

4-7724 

5-4542 

6.1859 

6-8177 

J 

9-2039 

10-7879 

12-2718 

18-8058 

15-3398 

16-8625 

19-0895 

21-8166 

24-5437 

27-2708 

1 

25-5664 

29-8274 

34-0885 

88-8495 

42-6106 

1} 

36-8155 

42-9515 

49-0874 

55-2284 

61-8593 

li 

50-1100 

58-4617 

66-8134 

75-1650 

83-5167 

H 

65-4499 

76-3582 

87-2665 

98-1748 

109-0881 

2      , 

82-8350 

96-6408 

110-4466 

124-2525 

188-0583 

n  ' 

102-2654 

119-3096 

136-8538 

158-3981 

170-4428 

2i 

128-7411 

144-3646 

164-9882 

185-6117 

206-2352 

2 

147-2621 

171-8059 

196-8496 

220-8938 

245-4369 

8 

172-8285 

201-6388 

230-4380 

259-2428 

288-0475 

^i    I 

200-4401 

233-8468 

267-2535 

800-6602 

384-0669 

4    1 

230-0971 

268-4467 

806-7962 

845-1457 

383-4952 

31    ! 

261-7994 

805-4326 

849-0659 

892-6991 

486-3828 

4      1 

295-5470 

344-8048 

894-0626 

448-8205 

492-5783 

4    ! 

831 -8399 

386-5632 

441-7865 

497-0098 

562-2381 

869-1781 

430-7077 

492-2374 

553-7671 

615-2968 

4}  i 

409-0615 

477-2884 

545-4154 

613-5923 

681-7692 

5      ! 

450-9904 

526-1554 

601-8205 

676-4855 

751-6606 

^tl 

494-9645 

577-4586 

659-9526 

742-4467 

824  9408 

540-9839 

631-1479 

721-8119 

811-4759 

901-6899 

^i 

589-0486 

687-2285 

785-3982 

883-5730 

981-7478 

6 

689-1587 

745-6852 

852-2116 

958-7381 

1065-2645 

6i    • 

691-3141 

806-5380 

921-7520 

1036-9710 

1152-1900 

745-5147 

869-7672 

994-0196 

1118-2721 

1242-5245 

^i 

801-7608 

985-3876 

1069-0144 

1202-6412 

1336-2680 

7 

860-0519 

1003-3939 

1146-7359 

1290-0779 

1438-4199 

7* 

920-3885 

1078-7866 

1227-1847 

1380-5828 

1533-9809 

982-7704 

1146-5655 

1810-3605 

1474-1556 

1637-9507 

71 

1047-1976 

1221-7805 

1896-2684 

1570-7964 

1745-3298 

8 

1182-1879 

1379-2192 

1576-2506 

1773-2819 

1970-8132 

H 

1825-3595 

1546-2528 

1767-1460 

1988-0398 

2208-9825 

9 

1476-7123 

1722-8810 

1968-9497 

2215-0684 

24611871 

H 

1636-2463 

1908-9540 

2181-6617 

2454-8694 

2727-0771 

10 

1808-9615 

2104-6218 

2405-2820 

2705-9423 

3006-6025 

lOJ 

1979-8580 

2309-8848 

2639-8106 

2969-7870 

3299-7688 

11 

2163-9857 

2524-5917 

2885-2476 

3245-9936 

8606-5695 

llj 

2866-1946 

2748-8937 

8141-5928 

3534-2919 

8926-9910 

12 
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THE  DISCEAROE  OF  WATER  FROM 


TABLE  X,—For  Jinding  the  depOu  qf  Wt%r$  <tf  diftreni  UMth$,   th€  qmantHf 
di$ckarg0d  ovtr  each  hting  auppottd  eonttant.    See  peges  2a9  and  290. 


Batios 

of 
lengths. 

Coeffl- 

BaticM 

of 
lengtha. 

Coeffi- 

Ratios 

of 
lengths. 

Coeffi. 

Batios 

of 
lengths. 

Coeffi- 

ciftnts. 

cients. 

dents. 

cients. 

•01 

•0464 

•405 

•5474 

•605 

•7153 

•805 

•8654 

•02 

•0787 

•410 

•5519 

•610 

•7193 

•810 

•8689 

•08 

•0965 

•415 

•5564 

•615 

•7232 

•815 

•8725 

•04 

•1170 

•420 

•5608 

•620 

•7271 

•820 

•8761 

•05 

•1357 

•425 

•5653 

•625 

•7310 

•825 

•8796 

•06 

•1538 

•480 

•5697 

•630 

•7349 

•830 

•8882 

•07 

•1699 

•485 

•5741 

•685 

7888 

•835 

•8867 

•08 

•1857 

•440 

•5785 

•640 

•7427 

•840 

•8908 

•0» 

•2008 

•445 

•5829 

•645 

7465 

•845 

•8988 

•10 

•2154 

•450 

•5872 

•650 

7504 

•850 

•8978 

•11 

•2296 

•455 

•5916 

•655 

•7542 

•855 

•9008 

•12 

•2483 

•460 

•5959 

•660 

•7580 

•860 

•9048 

•18 

•2566 

•465 

•6002 

•665 

7619 

•865 

•9078 

•14 

•2696 

•470 

•6045 

•670 

7657 

•870 

•9113 

•15 

•2823 

•475 

•6088 

•675 

•7695 

•875 

•9148 

•16 

•2947 

•480 

•6130 

•680 

•7788 

•880 

•9188 

•17 

•8069 

•485 

•6178 

•685 

7771 

•886 

•9218 

•18 

•8188 

•490 

•6215 

•690 

•7808 

•890 

•9253 

•19 

•8305 

•495 

•6258 

•695 

•7846 

•895 

•9287 

•20 

•8420 

•500 

•6300 

•700 

•7884 

•900 

•9322 

•21 

•8538 

•505 

•6842 

•705 

•7921 

•905 

•9356 

•22 

•8644 

•510 

•6388 

710 

•7959 

•910 

•9891 

•28 

•8754 

•515 

•6425 

•715 

•7996 

•915 

•9425 

•24 

•3862 

•520 

•6466 

•720 

•8033 

•920 

•9459 

•25 

•3969 

•526 

•6508 

•725 

•8070 

•925 

•9494 

•26 

•4074 

•580 

•6549 

•730 

•8107 

•930 

•9528 

•27 

•4177   1 

•585 

•6590 

•735 

•8144 

•985 

•9562 

•28 

•4280   1 

•540 

•6681 

•740 

•8181 

•940 

•9596 

•29 

•4381 

•545 

•6672 

•745 

•8218 

•946 

•9680 

•80 

•4481 

•550 

•6718 

•750 

•8255 

•950 

•9664 

•31 

•4580 

•555 

•6754 

•755 

•8291 

•955 

•9698 

•82 

•4678 

•560 

•6794 

•760 

•8328 

•960 

•9732 

•88 

•4775 

•565 

•6834 

•765 

•8865 

•965 

•9762 

•84 

•4871 

•570 

•6875 

•770 

•8401 

•970 

•9799 

•85 

•4966 

■575 

•6915 

•775 

•8487 

•976 

•9883 

•86 

•5061 

•580 

•6955 

•780 

•8474 

•980 

•9866 

•87 

•5154 

•585 

•6995 

•785 

•8510 

•985 

•9900 

•88 

•5246 

•590 

•7035 

•790 

•9546 

•990 

•9988 

•89 

•5388 

•595 

•7074 

•795 

•8582 

•996 

•9967 

•40 

•5429 

•600 

•7114 

•800 

•8618 

1-000 

1^0000 
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TABLE  XT— Mean  relative  Dinunnons  qf  equally  DUeharnina  Trapezoidal  ChamuU. 
with  Side  Slopes  varying  from  0  to  1,  up  to  :i  to  1. — Half  8um  of  the  too  and 
bottom  is  the  inoAii  widUi,  The  ratio  of  the  slope,  multiplied  by  the  depth, 
subtracted  from  tbe  mean  width,  will  eiTo  the  bottom  ;  and  il  cdded,  will 
give  the  top.  Table  XII.  gives  the  discharge  in  cubic  feet  per  minute  from 
the  primary  cbaunel,  70  wide,  and  the  corresponding  depths  taken  in  feet. 
For  lesser  or  greater  channels  and  discharges,  see  Rules,  pp.  243  to  251,  and 
267  to  271. 


The  menu  widths  are  given  in  the  top  horizontal  line,  and  the  corresponding 
depths  in  tbe  other  horizontal  lines.      They  may  be  taken  in  inches, 

feet,  yards,  fathoms,  or  any  other  measures,  whatever. 

70 

60  j     50  1     40 

85 

80     1     25     1     20 

15     1     10 

•125 

-13 

-15 

•17 

•20 

•28 

-26 

•29 

-35 

•48 

•25 

-27 

.-30 

•35 

•40 

•45 

-52 

•68 

-71 

•98 

•876 

-41 

-46 

•54 

•60 

•67 

•76 

•88 

1-09 

1^51 

•5 

•65 

•62 

•73 

•80 

•89 

1^02 

1-19 

1-48 

2^04* 

•625 

-68 

•78 

•91 

1^00 

1-12 

1^29 

1^50 

1-88 

2^62 

•75 

•82 

•94 

1-10 

1^20 

185 

1-56 

1^82 

2-28 

3-22* 

•875 

-96 

1^10 

1-29 

1^41 

1^58 

1^88 

2^14 

2-69 

8-86 

1- 

1-10 

1-26 

1^48 

1^62 

1^81 

2^10 

2^46 

311 

4^60 

1-125 

1-24 

1^42 

1-67 

1^83 

2^04 

2.87 

2-79 

3-54 

6^19* 

1-25 

1-39 

1^58 

1-86 

2^04 

2-28 

2^65 

8^12 

3^98 

6^89 

1-875 

1-63 

1^74 

2-05 

2^26 

2-51 

2^92 

8  46 

4^43 

6-60 

1-5 

1-67 

1^90 

2-24 

2^46 

2-76 

3^20 

3-80 

4-88 

7^31 

1-625 

1-81 

2-06 

2^43 

2-67 

2-99 

3^47 

4^15 

5^34 

8  •08 

1-75 

1-95 

2-22 

2-62 

2-88 

823 

8^75 

4^50 

5-80 

8  •86 

1-875 

2-09 

2-38 

2-81 

8^09 

8-47 

4^03 

4^86 

6^29 

9^68 

2- 

2-23 

2-54 

3-00 

8  31 

872 

4-82 

5^22 

6^78 

10^50 

2-125 

2-37 

2^70  !  3-19 

3-52 

8-96 

4-61 

6^58 

7-29 

11-37 

2-25 

2-51 

2-86 

3-38 

8^73 

4-21 

4^91 

5^96 

7^81* 

12-25 

2-375 

2-65 

3-02 

3^57 

3^94 

4-46 

5-20 

6-31 

8^32 

13-12 

2-5 

2-79 

3-18 

3-76 

4^16 

4^70 

6-60 

6^68 

8-84 

14-00 

2-625 

2-93 

3-34 

8-95 

4-88 

4^95 

6^79 

7^06 

9-38 

14-92 

2-75 

3-07 

3.51 

4-15 

4^60 

6-21 

6-09 

7^45 

9^93 

15-84 

2-875 

8-21 

3-67 

4-34 

4^82 

5-46 

6^89 

7^83 

10^48 

16^76 

3- 

3-85 

3-84 

4-54 

5^04 

6-72 

6-69 

8-22 

11^03 

17^68 

8-125 

3-49 

4-00 

4^73 

5-26 

5-97 

7^00 

8^62 

11^60 

18-68 

3-25 

3-63 

417 

4^93 

5^49 

6-23 

781 

9^02 

12^17 

19^68 

8-375 

3-77 

4-33 

5^18 

672 

6-49 

7^62 

9^42 

12^74 

20-68 

3-5 

8-91 

4-50 

5 -33 

5^95 

6  75 

7^93 

9^82 

13^32 

21-68 

8-625 

4-06 

4-66 

5-58 

6^17 

7^01 

8-25 

10-23* 

13^92 

22-76 

8-75 

4-19 

4-82 

5  78 

6^40 

7^28 

8-57 

10-65 

14^68 

23-84 

S-875 

4-33 

4-98 

5^98 

6^62 

7  54 

8-89 

11-06 

15^14 

24-92 

4- 

4-48 

5^14 

6^13 

6  85 

7^81 

9-21 

11-48 

15-76 

26-00 

4^25 

4-76 

5-46 

6^54 

7^30 

8  •86 

9-85 

12-83 

16-98 

28-18 

4-5 

5-05 

5-79 

6^95 

7-75 

8^90 

10-50 

13-19 

18-22 

80-86 

4-75 

5  •33 

6^12 

7  35 

8-20 

9^45 

11-14 

14-07 

19-60 

32-68 

5- 

5-62 

6^45 

7^75 

8^66 

10^00 

11-79 

14-96 

20-80 

86-00 

5-25 

5-90 

6-78 

8^16 

9^14 

10^56 

12^61» 

16-86 

22-18 

87-40 

6^5 

6-18 

7^12 

8^57 

9^62 

11-10 

13^24 

16-77 

23-47 

39-81 

5-75 

6-46 

7^46 

8^98 

10-11 

11-66 

13^94 

17-71 

24-86 

42-33 

6- 

6-75 

7^80 

9^40 

10^60 

12-22 

14^65 

18-65 

26-25 

44-86 

For  a  nmUar  TabU,  tee  f.  270. 
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THE  DISCHARGE  OF  WATER  FROM 


TABLE  XIL^Di$ekarge$from  ike  Trimary  Channel  m  theJLni  co/hmh  itf  TaUeZI. 
If  the  dimeuaioDt  of  toe  primarj  channel  be  in  iuchcfl,  divide  the  diacharaes 
in  this  tut>le  by  500 ;  if  in  yards,  multiply  by  16*6 ;  if  in  quarters,  multiply  oy 
82 ;  and  if  in  fathoms,  bv  88*2,  ^. :  see  pp.  243  to  251.  The  final  figures  in 
the  diacharftes  may  be  refected  when  they  d3  not  exceed  une-half  per  cent, 
or  0-5  in  100.    See  pugea  267  to  271. 


Depths  of 

a  channel 

Interpolate  for  Intermediate  falls ;  divide  greater  falls  by  4,  and 

whose 

mean 

width  is 

double  the  oorresponding  discharges 

linch 

2  inches 

S  inches 

6  inches 

0  inches 

12  hiches  15  inches 

70:- in 

p^r  mile. 

per  mile. 

permUe, 
lin2112a 

per  mile,  per  mile, 

per  mile,  per  rofle. 

feet 

1  in  63360. 

linSlOSO. 

Iinl0560.1in7040. 

1  in  5280.  1  in  4224. 

•125 

47 

72 

98 

189 

175 

205 

233 

•25 

186 

210 

268 

408 

606 

696 

675 

•875 

249 

389 

498 

746 

940 

1105 

1252 

•60 

887 

608 

770 

1165 

1454 

1709 

1935 

•625 

541 

849 

1078 

1617 

2036 

2395 

2714 

•75 

714 

1112 

1420 

2128 

2681 

8158 

8573 

•875 

900 

1401 

1791 

2685 

3882 

3978 

4507 

1- 

1100 

1714 

2190 

8283 

4134 

4862 

6507 

1-125 

1810 

2042 

2614 

8909 

4927 

6792 

6577 

1-25 

1584 

2384 

8058 

4581 

6766 

6780 

7690 

1-375 

1767 

2757 

8521 

6279 

6661 

7823 

8863 

1-50 

2018 

8142 

4006 

6016 

7588 

8915 

10099 

1^625 

2268 

8640 

4525 

6781 

8541 

10044 

11381 

vn 

2534 

8950 

6053 

7670 

9537 

11210 

12703 

r875 

2812 

4884 

6599 

8386 

10570 

12429 

14083 

2' 

8090 

4821 

6161 

9230 

11628 

13675 

15513  1 

2^125 

8877 

6278 

6738 

10092 

12718 

14956 

16943 

2  25 

8674 

6786 

7331 

10981 

18838 

16281 

18435  ' 

2-875 

8977 

6210 

7987 

11889 

14981 

17645 

19960 

2-50 

4298 

6699 

8568 

12829 

16161 

19045 

21534 

2-625 

4616 

7208 

9204 

13800 

17880 

20434 

23135 

275 

4947 

7716 

9865 

14782 

18624 

21886 

24800 

2^875 

5280 

8233 

10525 

16778 

19887 

28860 

26473  ; 

8- 

5621 

8762 

11204 

16788 

21165 

24833 

28176  , 

3125 

6972 

9310 

11900 

17880 

22454 

26410 

29925 

8  25 

6829 

9862 

12614 

18897 

23780 

27994 

31714  , 

8  875 

6689 

10420 

18820 

19968 

25145 

29570 

83507 

8-60 

7049 

10995 

14048 

21052 

26509 

81262 

85829 

3-625 

7418 

11574 

14785 

22163 

27906 

82860 

37186 

3-75 

7794 

12168 

15526 

23284 

29821 

84479 

89080  i 

8-875 

8178 

12758 

16288 

24416 

80756 

86170 

41018 

4- 

8566 

18864 

17070 

25692 

82225 

37898 

42964 

4^25 

9855 

14682 

18648 

27986 

86191 

41368 

46916 

4^50 

10178 

15849 

20267 

80866 

88254 

44982 

50973 

4^75 

11001 

17140 

21908 

82818 

41366 

48630 

55102 

5- 

11888 

18454 

28595 

86365 

44646 

62378 

69346 

5-25 

12696 

19802 

26362 

87939 

47795 

66209 

63688 

5-60 

18676 

21172 

27248 

40664 

61097 

60079 

68097 

6-75 

14478 

22580 

29160 

43258 

64478 

64058 

72591 

6^ 

16393 

28995 

81122 

45969 

67897 

68082 

77154 

F^  a  eimUur  T<Me,  tee  p.  271. 
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TABLE  XII.- Duehargti  from  ike  Primary  Ckamufl  in  ikeJlrH  column  qf  Table  XL 
If  the  dimensions  uf  the  primary  channel  be  in  inches,  divide  the  difcharges 
in  this  table  bv  500 ;  if  in  yards,  multiply  by  16*6,  If  in  quarters,  multiply  by 
32,  and  if  in  fathoms,  by  88*2.  eta  :  see  pp.  243  to  251.  The  final  figures  in 
the  discharges  may  be  rejected  when  they  do  not  exceed  one-half  per  cent, 
or  0*6  in  100.    Bee  pages  267  to  271. 


Falls,  inclinations,  and  disohaiiges  in  cubic  feet  per  minute. 
Interpolate  for  intermediate  fklls :  divide  greater  falls  by  4,  and 

Depthsof 
a  channel 

whose 
width  is 

18  inches 

21  inches  24  inches 

27  inches  30  inches  33  inches  36  inches 

per  mile. 

per  mile. 

per  mile, 
1  in  2640. 

per  mile, 
1  in  2347. 

permUe, 
1  in  2112. 

per  mUe, 

per  mile. 

70:— in 

1  in  3520. 

1  in  3017. 

1  in  1920. 

1  in  1760. 

feet 

258 

281 

808 

828 

848 

862 

880 

•125  1 

748 

815 

877 

986 

998 

1049 

1100 

•25  ' 

1887 

1511 

1627 

1786 

1848 

1952 

2037 

•875  . 

2145 

2886 

2515 

2684 

2852 

8028 

8155 

.50  1 

8004 

8274 

8527 

8758 

4021 

4207 

4414 

•625  ; 

8957 

4311 

4645 

4966 

6287 

6558 

6817 

•75  1 

4991 

5422 

5859 

6274 

6650 

6992 

7842 

•875 

6097 

6622 

7159 

7681 

8107 

8540 

8974 

1- 

7266 

7920 

8581 

9124 

9660 

10200 

10693 

1^125 

8514 

9284 

9995 

10658 

11818 

11928 

12520 

1^25 

9816 

10697 

11589 

12807 

18045 

13741 

14479 

1-875  1 

11182 

12185 

18152 

14007 

14862 

15656 

16448 

1-50  ' 

12601 

18780 

14821 

15786 

16750 

17657 

18652 

1-625  i 

14069 

15331 

16525 

17616 

18700 

19698 

20696 

1-75 

15598 

16997 

18806 

19517 

20728 

21840 

22944 

1-875 

17157 

18697 

20141 

21469 

22808 

24017 

26242 

2' 

18766 

20446 

22080 

28480 

24938 

26269 

27601 

2-125 

20410 

22247 

28965 

25547 

27129 

28578 

80027 

2-25 

22104 

24087 

25947 

27662 

29895 

80984 

82512 

2-875 

28848 

25988 

27992 

29841 

81701 

88881 

85096 

2-50 

25669 

27958 

80100 

82069 

84086 

85910 

87725 

2-625 

27479 

29938 

82247 

84884 

86512 

88471 

40415 

2-75 

29818 

81947 

84408 

86697 

88958 

41055 

48185 

2-875  • 

81206 

84002 

86624 

89050 

41464 

43680 

45896 

8- 

88141 

86112 

88897 

41482 

44048 

46898 

48747 

8-125 

35126 

88266 

41228 

48954 

46672 

49174 

61664 

8-25 

87109 

40488 

48556 

46488 

49880 

61951 

54586 

8-375  ' 

89140 

42681 

45925 

48968 

61998 

64775 

57650 

8-50 

41184 

44872 

48848 

51587 

64728 

67659 

60580 

8-625 

48278 

47158 

50807 

64162 

67514 

60585 

68656 

8-75 

45407 

49468 

58800 

66840 

60841 

63560 

66784 

8-875 

47651 

51818 

55882 

69414 

68200 

66576 

69951 

4- 

51911 

56586 

60978 

64974 

69018 

72694 

76888 

4^25 

56448 

61508 

66176 

70628 

75017 

79017 

82994 

4-50 

61014 

66500 

71625 

76408 

81097 

85426 

89767 

4-75 

65718 

71628 

77140 

82250 

87851 

92015 

96658 

6- 

70509 

76868 

82779 

88200 

98731 

98729 

108745 

5-25 

75888 

82159 

88484 

94844 

100200 

105550 

110905 

5*50 

80879 

87590 

94848 

100616 

106828 

112540 

118254 

575 

85407 

98098 

100275 

106911 

118505 

119616 

125664 

6- 

For  a  nmilar  TabU,  tee  p.  271. 
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TABLE  XIIL—Tk4  Squart  BooU  qf  thej^fth  powen  qf  numben  forjlndm^  O* 
Diaimettr  qfa  Pi^^  or  dimetuioM^a  Ckatmel/rom  ike  Diaekarge^  or  tkeRtierm; 
ikoioing  the  reJ^ttve  Ditcharging  Power$  <ifpipe$  qfd\fer*nt  Diameter*^  and  fifoatf 
»imilar  Channel*  vkateveTf  eloeed  or  open.  See  pages  17,  18,  245,  etc — If  d  be 
the  diameter  of  a  pipe,  in  feet,  and  d  the  discharge  in  cubic  feet  per  minute, 
theu  for  long  straight  pipee  we  shall  have  for  velocities  of  nearly  S  foot  per 

second,  d  =  2400  (d  V,  and  <f  =  -044  (^  V  ;  or  if  D  be  the  discharge  per 
seooud,  D  =  40  (A)^,   and  rf  =  -228  (7)  . 


ReUtive 
dimen- 
sions or 

BelatiTe 
dischatv- 

Relative 
1    dlmcn- 
.  tdons  or 

Relative 
diseharg- 

diameters 

ing 

diameters 

1      ing      , 

ofpipee. 

powers. 

of  pipes. 

i  powers.  , 

'                1 

•26 

•031 

10-5 

357-2  ; 

•6 

•177 

11- 

401-3 

•76 

•486 

11-6 

448-6 

1- 

1- 

12- 

498-8 

1-26 

1747 

12-6 

652-4 

1-5 

2766 

13- 

609-8 

1-76 

4-061 

18-5 

669-6 

2- 

6-657 

14- 

738-4 

2-26 

7-694 

14-5 

800-6 

2-6 

9-882 

15- 

871-4 

2-76 

12-641 

15-5 

945-9 

8- 

16-688 

16- 

1024- 

8-26 

19-042 

16-5 

1105-9 

8-6 

22-918 

17- 

1191^6 

875 

27-232 

17-5 

1281^1 

4- 

82- 

18- 

1374^6 

4-25 

87-24 

18-5 

1472-1 

4-6 

42-96 

19- 

1678-6 

4.76 

49-17 

19-6 

1679-1 

6- 

66-90 

20- 

1788-9 

6-26 

63-16 

20-5 

1902-8 

6-6 

70-94 

21- 

2020-9 

6-76 

79-28 

21-5 

2148-4 

6- 

88-18 

22- 

2270-2 

6-26 

97-66 

22-6 

2401-4 

6-5 

10772 

28- 

2537- 

6-75 

118-38 

28-5 

2677-1 

7- 

129-64 

24- 

2821-8 

7-26 

141-53 

24-5 

2971-1 

7-6 

154-06 

25- 

8125- 

7-76 

167-21 

25-5 

3283-6 

8- 

181-02 

26- 

8446-9 

8-26 

196-50 

26-5 

8616-1 

8-6 

210-64 

27- 

8788- 

875 

226-48 

27-5 

8966-8 

9- 

243- 

28- 

4148-6 

9-25 

260-28 

28-6 

4336-2 

9-5 

278-17 

29- 

4628-9 

976 

296-83 

29-5 

47267 
4929-6 

10- 

316-23    ; 

30- 

Relative 
dimen- 
sions or 
diameters 
of  pipes, 


Relative 
discharg- 
ing 
powers. 


80-5 

81- 

81-6 

82- 

82-5 

83- 

83-5 

84- 

84-5 

86- 

85-6 

86- 

86-5 

87- 

87-5 

88- 

88-5 

89- 

39-5 

40- 

41- 

42- 

43- 

44- 

45- 

46- 

47^ 

48- 

49- 

60- 

51- 

62- 

58- 

54- 

66- 

56- 

57- 

68- 

59- 

60- 


\\  Relative 
*  '    dimen- 
sions or 
diameters 
of  pipes. 


Relative 
dieebarg- 

<Tlg 


6188- I 

61- 

6361- 

62- 

6669- 1 

63- 

6793- 1 

64- 

6022- ' 

65- 

6256- i 

66- 

6496- 

67- 

6741- 

68- 

6991- 

69- 

7247- 1 

70- 

7509- 

71- 

7776- 

72- 

8049- 

73- 

8827- 1 

74- 

8611- 

76- 

8901- ; 

76- 

9197- 

77- 

9498- 1 

78- 

9806- , 

79- 

10119- 1 

80- 

10764- ' 

81- 

11432- 

82- 

12125- 1 

88- 

12842- 

84- 

13584- ; 

85- 

14851- 1 

86- 

16144- : 

87- 

15963- 

88- 

16807- 

89- 

17678- 

90- 

18675- ; 

91- 

19499- 1 

92- 

20460- j 

93- 

21428- 

94- 

22434- 

95- 

23468- 

96- 

24529- 

97- 

25620- 

98- 

26738- 

99- 

27886- ' 

100- 

29062 
30268 
81503 
82768 
84063 
85388 
86744 
88131 
89548 
40996 
42476 
43988 
45531 
47106 
48714 
60364 
62027' 
68782 
65471' 
67248' 
59049' 
60888- 
62762- 
64669* 
66611- 
68688 
70699 
72645 
747271 
76843 
78996 
81184 
83408 
85668 
87965 
90298 
92668' 
96075 
97519' 
100000" 


800  Tables  at  pp.  28  and  29. 
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TABLE  XIV, — Weights  and  Measures,  English  and  French,  vnlh 
(heir  relative  values, 

HEASUEES  0^  LENOTH. 

12  inches 1  foot. 

7*92  inches 1  link. 

3  feet lyard. 

5J  yards    —  16J  feet 1  pole  or  perch. 

100  links      =     22  yards 1  chain  =  4  perches. 

40  perches  s  220  yards 1  furlong. 

8  furlongs  =•  1760  yards         ....  1  mile. 

6  feet 1  fathom. 

120  fathoms 1  cable's  length. 

1  Nautical  mile 6082*7  feet 

69*12  miles 1  Geographical  deg. 

3  miles 1  league. 

The  Irish  perch  is  21  feet,  or  seyen  yards.  Three  inches  make  a 
palm ;  4  inches  a  hand ;  5  feet  a  pace.  In  cloth  measure  2^  inches 
«1  nail ;  4  nails=l  quarter;  4  quarters=l  yard.  11  Irish  miles  = 
14  English. 

MBASUBES  OF  SUPwFACE. 

144  square  inches 1  square  foot. 

62-7264        „ 1  square  link. 

9  square  feet 1  square  yard. 

30^  square  yards  =    272}  square  feet    .        .    .     1  square  perch. 
10,000  square  links    »  4,856  „  .        .     1  square  chain. 

10  square  chains  >=     160  square  perches       .     .     1  acre. 
1  rood  =     210  square  yards      .        .  40  perches. 

4  roods  »  4,840  „  .        .    .     1  acre. 

640  acres  »  3,097,600    „  .        .     1  square  mile. 

The  Irish  perch  is  49  square  yards,  or  441  square  feet ;  1  Irish  acre 
«=  la.  2r.  19*17p.  statute ;  and  1  statute  acre  —  Oa.  2r.  1877p.  Irish. 
The  Irish  acre  is  to  the  English  acre  as  196  is  to  121.  100  square  feet 
is  a  square  of  roofing,  slating,  or  flooring.  The  Cunningham  acre  is 
—  la.  Ir.  6*61p.  English ;  and  1  English  aero  is  s  Oa.  3r.  3'904p. 
Cunningham  measure. 
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Table  X\y,—C<nU%nued. 

CUfilO  MEA8UBES,   AKD  MEASUBES  OF  CAPACITT  AXD  WEIGHT. 

1728  cubic  inches 1  cubic  foot. 

27  cubic  feet 1  cubic  yard.  * 

16i  X   H  X  1  =  24*75  cubic  feet        .        .    1  perch  of  masonry. 
16Jxl6ixlJ=    806  cubic  feet    .        .     .     1  rod  of  brickwork. 
21   X  li  X  1  —    804  cubic  feet       .        .    1  Irish  perch  of  masonry. 
The  standard  gallon,  imperial  measure,  contains  10  lbs.  ayoirdnpoL% 
of  distilled  water  at  62**  Fahrenheit,  the  barometer  standing  at  3^ 
inches. 

6*232  gallons     . 

8*665  cubic  inches 

4  gills  84*659  cubic  inches . 

2  pints  69*818  cubic  inches    . 

2  quarts  188*687  cubic  inches 

2  pottles  277*274  cubic  inches 

2  gallons  554*548  cubic  inches 

4  pecks  2218*191  cubic  inches 
The  old  Irish  gallon  contained  217*6  cubic  inches,  nearly,«and  1  Irish 
gallon  is  therefore  »  '7850  imperial  gallon.  The  Irish  barrel  of  lime 
still  measures  40  Irish  gallons,  or  81*821  imperial  gallons,  or  4  bushels, 
yery  nearly.  It  is  measured  by  a  cylindrical  measure  12  inches  high, 
and  about  21 4  inches  in  diameter,  containing  half  the  Irish  barrel.  In 
the  old  English  liquid  measures  for  ale  and  beer,  86  gallons  »  1  barrel 
=  86  gallons,  Z\  quarts,  imperial  measure,  nearly. 

For  old  dry  measures,  82  bushels  =  1  chaldron  -*  81  bushels,  1  pint, 
imperial  measure,  nearly. 

And  36  bushels  of  coal  =  1  chaldron  of  coal  =  34  bushels,  3  pecks^ 
and  1  gallon,  imperial  measure.  The  Irish  barrel  of  wheat  is  20  stone  ; 
barley,  16  stone  ;  oats,  14  stone. 

TBOY  WEIGHT. 

24  grains 1  pennyweight. 

20  pennyweights      .        .        .    .    1  ounce. 

12  ounces 1  pound. 

One  pound  Troy  =  22*816  cubic  inches  of  distilled  water,  barometer 
0  inches ;  thermometer  62*. 


.     1  cubic  foot. 

.    IgiU. 

.     1  pint. 

.    1  quart. 

.     1  pottle. 

.     1  gallon. 

.    Ipeck. 

.    1  bushel. 
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Table  XIY. —Continued. 
apothecaky's  weight. 

20  Troy  grains 1  scruple. 

8  scruples 1  drachm. 

8  drachms 1  ounce. 

12  ounces 1  pound. 

The  ounce  weighs  480  grains,  and  the  pound  5760  grains,  both  in 
Troy  and  Apothecary's  weight. 


AVOIRDUPOIS  OE  COMMERCIAL  WEIGHT. 

One  pound  Avoirdupois  =  277274  cubic  inches,  when  the  barometer 
stands  at  30  inches,  and  Fahrenheit's  thermometer  at  62''. 
16  drachms  =       487'5  Troy  grains         .     1  ounce. 
16  ounces     =    7,000     Troy  grains    .     .     1  pound. 
14  pounds    =  98,000     Troy  grains         .     1  stone. 
8  stone      =       112  pounds      .        .     .     1  cwt. 
20  cwt        =    2,240  pounds  ...     1  ton. 
One  poimd  Troy  =  '82286  pounds  Avoirdupois,   and  one  pound 
Avoirdupois  is  equal  to  1'2158  pounds  Troy.    One  ton  of  water  con- 
tains about  86  cubic  feet,  equal  to  224  imperial  gallons,  nearly.    Ten 
pounds  of  distilled  water  is  equal  to  one  gallon,  the  barometer  and 
thermometer  being  as  above  stated. 


FRENCH  MEASURES  AND  WEIGHTS  COMPARED  WITH 
ENGLISH. 


MEASURES  OF  LENGTH. 


1  m^tre 
1  decimetre 
1  centimetre. 
1  millimetre 
1   kilometre 


(or 


1000  metres) 


8-2808992  feet 
•8280899   „ 
•0828090  „ 
•0082809   „ 

I  -621888   mile 


1  foot  English   '8047945  metro 
linch   .        .    -0268995    „ 
lyard       .     .    '9143885    „ 
1  perch  5  J  yds.  5  '0291 092    , , 
1  mile    .        .    1*60982  kilometre 


1000  metres  =100  decimetres  =  10  hectometres  =  1  kilometre  = 
8280-849  feet  The  metre  is  the  10,000,000th  part  of  a  quadrental  arc 
of  the  meridian  or  89*8708  inches  English. 
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Table  XLY. ^Continued, 


MEA8I7IIES  OF  SURFACE. 


1  centiare  (one  )  Tn.7«ioo«  ff 

square  mitre)  |10  76438q.ft 

1  dedare  .  107*6480    „ 

1  are       .        .  .  1076-480    „ 


119-6083  sq.  yds 
11-9608    „      . 

1-1960 


1  are 
1  declare 


f  1  centiare  or  sq. 
\        mitre. 


100  ares  «  10  declares  -  1  hectare  =  2*471148  English  acres,  and  17 
hectares  are  nearly  equal  to  42  English  acres. 

The  old  Paris  foot  is  equal  1-06578  English  feet ;  the  French  inch  = 
1-06678  English  inches  ;  the  French  line  -08882  of  an  English  inch  ; 
the  toise  is  equal  to  6  French  feet  =  76*736  English  inches  =  6-89468 
feet.  The  perch  is  18  French  feet ;  and  the  perch  royal  22  French 
feet  The  JVench  square  foot  or  inch  =  1-18581  English  square  feet  or 
inches,  and  the  cubic  foot  or  inch  =  1*21061  English. 


MEASDEE8  OF  SOLIDITY  AND  CAPACITY. 

Cubic  feet. 
Imillistere.  .     -0353166 

1  centistere    .        .    .     '858166 
1  dedstere  .        .        .  8 '53166 
1  stere  (one  cubic  mitre)  85  '3166 
1  decastere     .        .    353166 
1  hectostere       .    .  3531-66 
1  kllostere      .         35316-6 

The  stere  and  kilolitre  are  each  a  cubic  mitre,  and  the  Utre  is  a 
cubic  dedmitre ;  50  litres  are  nearly  11  English  gallons,  and  1  hecto- 
litre 2*751207  English  bushels. 


Eng.  cub.  in. 

1  miUilitre  . 

.     -0610279 

1  centilitre     . 

.     .     -610279 

1  decilitre  . 

.  6-10279 

IHtre 

61*0279 

1  decalitre      . 

.    610-279 

1  hectolitre 

.     .  6102-79 

1  kUoUtre 

61027-9 

MEASURES  OF  WEIGHT. 


*0648  gramme  =  1  grain,  and  7000  grains 
1  milligramme  .      *015432  grains 
1  centigramme .       *15432       „ 
1  decigramme   .    1*5482         „ 
1  gramme         .  15*432  „ 

1 '01605  tonnes  =  1  ton 


1  lb.  Avoirdupois. 
1  gramme  .  15 '432  grains 
1  decagramme  -022051b.  avoir. 
1  hectogramme  -2205  „ 
1  killogramme  2-2046  », 
and  1  tonne  <=  '984206  ton. 


A  gramme  is  the  weight  of  a  cubic  centlmitre  of  water  and  its 
maximum  density  in  vacuo :  1  kilogramme  =  2-6795  lbs.  Troy  «  2 '2046 
lbs.  Avoirdupois.  1  metrical  quintal  220*46  lbs.  Avoirdupois^  and  10 
quintals  is  equal  to  the  weight  of  a  cubic  mitre  of  water. 
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Table  XW.^ConUnvsd, 

CIRCULAK  FRENCH  AND  BRITISH  DIVISIONS. 

'1*  circular  measure  French  =     -9  degree  British. 


1*  circular 

I 
I 


-  .     ^  "9x60 
1  minute                =     Too'      ~   *^^  British  minutes. 

-  ,  -9  X  60  X  60 
\,1  second                -    ioq^^qq   =  '824  British  seconds. 

100 
90  =  I'i  =  IJ  French 

degrees. 
.     .  100 

French  minutes. 

•9x60        60         -9x60x60  ~  ^"^^^-^   ■"   ^«5 
=  S^  seconds. 


TO  REDUCE  FRENCH  TO  BRITISH  CIRCULAR  MEASURES  AND  THE 
REVERSE. 

Put  n   =  number  of  British  degrees,  &c.  and  nt  =  French,  &c 
Then  n.  =nf-5*andn,  -n.  +-^  . 

Example  1.    Given  809"  57'  90"  French.    Reduce  to  British 
809 -67 -90 
deduct  one- tenth     80*95*79 


278'' '62 '11  in  decimal  measures  English 
60 


87 '2660    English  minutes  and  decimals 
60 


15 '9600    English  seconds  and  decimals. 
Ans.  278'*'87'*15"'96  according  to  the  sexagesimal  division. 
Example  2.    Reduce  278**  :  87' :  15" '96  British  to  French. 
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Table  XIV.— C<wi<mw«rf. 

Make  the  seconds  decimal  parts  of  the  minutes  by  dividing  them  bjr 
6  and  multiplying  by  10.  This  then  becomes  278°*87'*266.  In 
degrees,  minutes,  and  decimals  of  a  minute.  Make  now  the  minute» 
into  degrees  and  decimals  of  a  degree  by  dividing  them  by  6  and 
multiplying  by  10.    The  last  figures  then  become 

278'''6211«B  English  degrees  and  decimals 
Add  one-ninth        80  '9579 


809  -6790. 
Decimal    809"  67'  90"  French  measure. 
And  so  on  for  others. 


FRENCH  MEASURES  COMPARED  WITH  ENGLISH. 

tl  MiTRE«3-281  feet=89*871  inche8-l'0986  yds.  =  •1988  perch. 
1  SQUARE  METRES  10 '764  sq.  feet= 1*196  yds. » '08954  sq.  perch, 
11  FOOT=  '8048  m^tre  and  1  inch=  '0254  m^tre. 
1  SQUARE  FOOT  ='0929  sq.  m^tre. 
{1  PERCH  164  feet -5 '029  metres. 
1  SQ.  PERCH  2724  ft.  =25 '292  sq.  mitres=80i  sq.  yds. 
(  Are=100  sq.  m^tres= 8*954  sq.  perches. 

\  A.  R.     P. 

I  Hectare— 100  -^ra=895'4  perches =2  I  86 '4. 
1  lb.  avoirdupois  =  '4536  kilogramme. 
LrrRE= cubic  decimetre ^  1*76  pint*  *22  gallon. 
Decalitre— 2  2  gallons  ==  1*1  peck 
Hectolitres  22  gallons=ll  pecks=:2'75  bushels. 
Kilogramme  =  weight  of  one  cubic  decimetre  of  distilled  water 
—  2*2046  lbs.  avoirdupois  =  2*679  troy   pounds  =  16482*85 
grains. 
1000  KILOGRAMMES =2204  "6  lbs.=  nearly  1  ton  Britiah^  is  calkd 

a  MiLUER  or  Tonne =19*68  cwt 
Kilogrammes  1000  grammes— 10,000  decigrammes. 

7000  grains =1  lb.  avoir.    487*5  grs.  —  1  oz.  avoir. 
5760  grains— 1  lb.  troy.    480  grs.  =  1  oz.  troy. 
Force  of  gravity  flr=9'809  metres -82*18  feet 
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Table  XYV.-^Continmd. 


]■ 


89*13  inclie8=  -994  m^tre. 


r  Length  of  a  pendulam  ] 

Vibrating  seconds 
L  Latitude  of  Paris 
'  Mean  barometer  at  30  inches »  76 '2  centimetres. 
)  1  cubic  foot  of  air  weighs  586  grains  or  1  *28  ozs.  avoirdupois  •• 
)        1*1  oz.  troy. 

^  Average  height  of  an  atmosphere  of  equal  density  about  5  miles. 
r  Thermometers  9^  Fahrenheit =5^  centigrade =4"  R^umur. 

Freezing  point   82'' Fahrenheit »     0*  centigrade  =  0*  Reaumur. 
[  Boiling  point    212^        „  =100'         „         =80'        „ 


I 

3(^  Boiling  water. 


3a o'' 

O-' 


Freedng  water. 


^  increase  or  decrease  in  volume  of  a  gas  for  each  degree  centigrade. 
^  increase  or  decrease  in  volume  of  a  gas  for  each  degree  Fahrenheit. 
/ 10  lbs.  of  distilled  waters  1  gallon. 
7  62*82  lbs.  of  distilled  water=l  cube  foot 
(  1  cubic  foots: 6 -232  gallons. 

100*  French =90**  British.    French  division  T- 100  minutes, 

1  minute =100  seconds. 
100  minutes  French=54  minutes  British. 
100  seconds  French =82*4  seconds  British.     Or 
rFrench=*9**  British, 
r  French- -64  British. 
1"  French=*824  British. 
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TABLE  XV.  Showing  tJU  Wnght^  ^mcyic  CfracUg,  ttrengtk,  and  eUuHaiy  <t 
variotu  maimaU  emploj/ed  hjf  the  PhfmeiH  and  jBngine9r.  When  u$td  by  the 
Bnainetr  only  about  one-fcmrth  qf  the  ultimate  ttrengthe  lure  giioen  ekottld  be 
calculated  from. 


^g 

^i> 

H 

u 

.1 

1 

HATEBIALS. 

ik 

11 

tsz 

1^ 

1 

it 

^1 

IP 

|5 

h 

I? 

•1 

1 

Acacia,  English  Growth     . 

11,800 

1,150,000 

16,000 

44-3 

•n 

Afth 

12,000 

1,600,000 

9,000 

17,000 

480 

•77 

BnM,CMt      .       .       .    . 

.. 

8,900,000 

10,300 

18,000 

525-0 

8-40 

BMoh 

9,300 

1,350,000 

8,500 

16,000 

48-0 

•77 

Briok,Bed      .        .       .    . 

•    ,, 

.. 

800 

280 

135-5 

2-20 

Brickwork  .... 

.. 

112-5 

1-80 

Do.  Pale  Red       .        .    . 

,, 

*660 

300 

130-3 

2*08 

Cedar,  American,  Fresh 

., 

490,000 

;  6,600 

11,400 

56-8 

0-91 

Do.         do.        Seasoned 

,, 

4,900 

47-0 

0-75 

*^«r'^t  •.  •. : 

,, 

,, 

19,000 

538-0 

SUl 

., 

,, 

.. 

30.000 

549-0 

8-80 

Do.      Wire-drawn  . 

., 

,, 

60,000 

660-0 

8-88 

,Deal,  Christiana      .        .    . 

1>',900 

1,670,000 

. , 

12,400 

43-6 

0-70 

Do.  Memel       .        .        . 

10,400 

1,630,000 

37-0 

0-60 

Do.  Norway  Spruce    .    . 

.. 

17,600 

21-2 

0-34 

Ekn,  Seasoned 

eiioo 

700,000 

10,300 

18,600 

36-8 

0-59 

Pir,     New  England       .    . 

6,600 

2,190,000 

.. 

10,000 

34-5 

0-55 

Do.  Riga  .       .       .        . 

7,600 

1,100,000 

6,100 

12,000 

47-0 

0-75 

Glass 

., 

8,000,000 

33,000 

2,400 

153-3 

2-45 

Iron,  Wrought,  English 

,, 

., 

67,000 

481-2 

7-70 

Do.  in  Bars  .... 

., 

,, 

67,000 

487-0 

7-80 

Do.  rolled  in  Sheets  and 

Rivetted  . 

.. 

,, 

,, 

31,000 

487 

7-8 

Cast  Iron  Carron,  cold  blast 

38,500 

17.270,000 

106,000 

16,700 

441 

7-07 

Do.  Hot  Blast              .    . 

37,600 

16,080,000 

108.000 

18,600 

440-0 

7-04 

Da  Buffery      . 

37,500 

14,000.000 

90,000 

17,600 

441 D 

7-06 

Larch,  sreen   .       . 

5,000 

900,000 

8,200 

10,200 

36-6 

0-52 

6,900 

1,050.000 

6,600 

8,900 

36-0 

0-66 

Lead,  cast  l^iglish  .       .    . 

.. 

720,000 

.. 

1,800 

n7-4 

11-44 

Do.  milled  sheet 

. , 

8,800 

712-9 

11-40 

Marble,  white  Italian    .    . 

liioo 

2,620,000 

, , 

165-0 

2164 

Do.     black  Galwiqr . 

2.700 

,, 

,, 

168-4 

2-70 

If  ortar,  old,  good  .       .     . 

.. 

250 

80 

107-1 

1-75 

Oak,  English       .       .       . 

lO^OOO 

1,450,000 

6,600 

17,800 

68-3 

0-93 

Do.  Canadian               .    . 

10,600 

2,150,000 

6,600 

10,200 

64-6 

0-87 

Do.  Dantzic 

8,700 

1,190,000 

12,700 

474 

0-76 

Do.  African  .... 

13,600 

2,280,000 

,, 

.. 

60-7 

0-97 

Do.  Adriatic 

8.300 

970,000 

., 

., 

62-0 

0-99 

Pine,  pitch      .        .       .    . 

9,800 

1,230,000 

., 

7,800 

41-2 

0-66 

Do.  red      .        .        .        . 

8,900 

1,840,000 

5,800 

41-2 

0-66 

Silver,  Standard     .       .    . 

.. 

, , 

.. 

40,900 

644-5 

10-81 

SUte,  Welsh 

11,800 

15,800,000 

12,800 

180-5 

2-89 

Do.  Westmoreland      .    . 

, , 

1,290,000 

, . 

174-4 

2-70 

Do.   Valentia    . 

6,200 

.. 

.. 

.. 

1800 

2-88 

Steel,  soft       .        .        .    . 

. , 

, , 

120,000 

486-2 

7-80 

Do.  razor  tempered. 

.. 

29.000,000 

,, 

160,000 

490-0 

IS! 

Stone,  granite  average  .    . 
Do.    Rochdale  . 

6,500 

.. 

8,000 

,, 

168-0 

2-70 

2,400 

16r«»      2-581 

Teak,drj'        .       .       .    . 

14,800 

2,400,000 

12,101 

16,000 

411 

0-66 

Tin.  cast      .        .        .        . 

•• 

4,600,000 

•• 

6,300 

455-7 

7-80 
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MECHANICAL    ENGINEERING,   &c. 


THE    MECHANICAL   ENGINEER'S    POCKET-BOOK. 

Comprising  Tables,  Formulae,  Rules,  and  Data  :  A  Handy  Book  of  Reference 
for  Daily  Use  in  Engineering  Practice.  By  D.  Kinnear  Clark,  M.  Inst.  C.E., 
Third  Edition,  Revised.  Small  8vo,  700  pp.,  bound  in  flexible  Leather  Cover, 
rounded  comers 6/0 

Summary  of  Contknts:— Mathematical  Tables.— Measurement  of  Sur- 
faces AND  Solids.— English  and  foreign  weights  and  Mhasu res.— Moneys.— 
SPECIFIC  Gravity,  weight,  and  Volume.— Manufactured  Metals.— Steel  pipes. 
—  Bolts  and  nuts,— sundry  articles  in  wrought  and  cast  iron.  Copper, 
Brass.  Lead,  Tin,  Zinc— Strength  of  Timber.— strength  of  Cast  Iron.— 
Strength  of  Wrought  iron.— .strength  of  steel,— tensile  Strength  of 
Copper.  Lead,  &c.— rf.sistance  of  stones  and  other  building  Materials.— 
Riveted  Joints  in  Boiler  Plates.— Boiler  shells.— Wire  Ropes  and  Hemp 
Ropes.— Chains  and  Chain  Cables.— Framing.— Hardness  of  Metals,  Alloys,  and 
Stones.— Labour  of  animals.— mechanical  Principles.— Gravity  and  Fall  op 
Bodies.— Accelerating  and  Retarding  Forces.— Mill  Gearing,  Shafting,  Ac- 
Transmission  of  Motive  Power.— Heat.— Combustion:  Fuels.— Warming,  Venti- 
lation, Cooking  stoves.— steam.— steam  Engines  and  boilers.- Railways.- 
Tramways.— Steam  ships.— Pumping  steam  enginp^  and  pumps.— Coal  Gas,  Gas 
Engines,  &c.— air  in  motion.— compressed  air.— Hot  Air  Engines.— Water 
Power.— Speed  of  Cutting  Tools.— Colouks.—Electrical  Engineering. 

"  Mr.  Gark  manifests  what  is  an  innate  perception  of  what  is  likely  to  he  useful  in  a  pocket- 
book;  and  he  is  really  unrivalled  in  the  art  of  condensation.  It  is  very  difficult  to  hit  u|>on  any 
mechanicil  engineering:  subject  concerning  which  this  work  supplies  no  information,  and  the 
excellent  index  at  the  end  adds  to  its  utility.  In  one  word,  it  is  an  cxceedin^iy  handy  and  efficient 
tooU  possessed  of  which  the  engineer  will  be  saved  many  a  wearisome  calculation,  or  yet  more 
wearisome  hunt  through  various  text-books  and  treatises,  and,  as  such,  wc  can  heartily  recommend 
it  to  our  readers."— 7a*  En£^fuer. 

*•  It  would  be  found  difficult  to  compress  more  matter  within  a  similar  compa«,  or  produce  a 
book  of  6so  pages  which  should  be  more  compact  or  convenient  for  pocket  reference.  .  .  .  Will 
be  appreciated  by  mechanical  engineers  of  all  ciassc&."— Practical  F.n^ineer. 
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MR.   MUTTON'S    PRACTICAL    HANDBOOKS. 


THE   WORKS'  MANAGER'S    HANDBOOK. 

Comprising  Modern  Rules,  Tables,  and  Data.  For  Engineers,  Millwrights, 
and  Boiler  Makers  ;  Tool  Makers,  Machinists,  and  Metal  Workers ;  Iron  and 
Brass  Founders,  &c.  By  W.  S.  Hutton,  Civil  and  Mechanical  Engineer, 
Author  of  "The  Practical  Engineer's  Handbook."  Fifth  Edition,  carefully 
Revised,  with  Additions.  In  One  handsome  Volume,  medium  8vo,  strongfy 
bound 16/6 

Bi^*  Tht  A  uthor  having  'compiled  RuUs  and  Data  for  his  onm  uu  in  a  great 
variety  of  modern  engineering  work,  and  having  found  A«  nates  extremely  useful, 
decided  to  publish  them— revised  to  date — believing  that  a  practical  work,  suited  to 

the  DAILY  REQUIREMENTS  OF   MODERN   ENGINEERS,  WOUld  Oe  foVOUrobly  rucived. 

"  or  this  edition  w«  may  repent  the  upprecuttive  remarks  we  made  upon  the  Arst  and  third. 
Since  the  appearance  of  the  latter  very  considerable  modiftcations  have  been  made,  although  the 
total  number  of  pagn  remains  almost  the  same.  It  is  a  tery  useful  coUection  of  rules.  tabM.  and 
workshop  and  drawing  oflke  data."—  TAf  UtigiHter,  May  lo,  1895, 

"  The  author  treats  every  subject  from  the  point  of  view  ofone  who  has  collected  workshop 
notes  for  application  in  worksliop  practice,  rather  than  from  the  theoretical  or  Uterary  aspect.  Th« 
volume  contains  a  great  deal  of  that  kind  of  information  which  is  gained  only  by  practical  experience, 
and  is  seldom  written  in  books,"—  Tht  Fnginrtr,  June  5,  1885. 

"  The  volume  is  an  exceedingly  useful  one,  brimful  with  engineer's  notes.  1 

rules,  and  well  worthy  of  being  on  every  mechanical  engineer's  bookshelf."— ^VefA^wiirtf/  Wartd, 

"  The  information  is  precisely  that  likely  to  be  required  in  practice.  .  .  .  The  work  forms 
a  desirable  addition  to  the  library  not  only  of  the  works'  manager,  but  of  any  one  coimected  with 
general  engineering,"— jVimiw^  journal. 

"  Bnmful  of  useful  information,  stated  m  a  concise  form,  Mr.  Huttoa's  boolcs  have  met  a 
pressing  want  among  engineers.  The  book  must  prove  extremely  useful  to  every  practical  anaa 
possessing  a  copy." —Practical  Unj^iMter. 

THE    PRACTICAL   ENGINEER'S    HANDBOOK. 

Comprising  a  Treatise  on  Modem  Engines  and  Boilers,  Marine,  Locomotive, 
and  Stationary.  And  containing  a  large  collection  of  Rules  and  PracticmJ 
Data  relating  to  Recent  Practice  in  Designing  and  Constructing  all  kinds  of 
Engines,  Boilers,  and  other  Engineering  work.  The  whole  constituting  a  com- 
prehensive Key  to  the  Board  of  Trade  and  other  Examinations  for  Certificates 
of  Competency  in  Modem  Mechanical  Engineering.  By  Walter  S.  Hutton, 
Civil  and  Mechanical  Engineer,  Author  of"  The  Works*  Manager's  Handbook 
for  Engineers,"  &c.  With  upwards  of  370  Illustrations.  Fifth  Edition, 
Revised  with  Additions.     Medium  8vo,  nearly  500  pp.,  strongly  bound. 

{Just  Published.    18/0 

Bl^*  This  Work  is  designed  as  a  companion  to  the  Auihor^s  "Works* 
Manager's  Handbook,"  It  possesses  many  new  and  original  features,  and  con- 
tains, like  its  predecessor,  a  quantity  of  matter  not  originally  intended  for  publication, 
but  collected  by  the  Author  for  hts  own  uu  in  the  construction  of  a  great  variety  of 
Modern  Engineering  Work. 

The  information  is  given  in  a  condensed  and  concise  form,  and  is  illustrated  by 
upwards  of  370  Woodcuts ;  and  comprises  a  quantity  of  tabulated  matter  of  great 
value  to  all  engaged  in  designing,  constructing,  or  estimating  for  Engines,  Boiueks, 
and  other  Engineering  Work. 

"We  have  kept  It  at  hand  for  sereral  weeks,  referring  to  it  as  occasioo  arose,  and  we  have  not 
on  a  single  occasion  consulted  its  pages  without  fmding  the  information  of  which  we  were  in  qneat.** 
—jlt/ufurttm. 

"  A  thoroughly  good  practical  handbook,  which  no  engineer  can  go  through  without  leamiag 
something  that  will  be  of  service  to  him."— Marine  Engineer. 

"  An  excellent  book  of  reference  for  engineers,  and  a  valuable  text-book  for  students  a< 
engineering.  "Scotsman. 

"  This  valuable  manual  embodies  the  results  and  experience  of  the  leading  authorities  on 
mechanical  engineering."— fmA/tNi^  News. 

"  Tlie  author  has  collected  together  a  surprising  quanrity  of  rules  and  practical  data,  and  hat 
shown  much  Judgment  in  the  selections  he  has  made.  .  .  .  There  is  no  doubt  that  thb  book  is 
one  of  the  most  usefol  of  its  kind  published,  and  will  be  a  very  popular  compendium."— £Mie^M4rr. 

"  A  mass  of  information  set  down  in  rimple  language,  and  in  such  a  form  that  it  can  be  easBy 
referred  to  at  any  time.  The  matter  is  uniformly  good  and  well  chosen,  and  Is  greatly  riucidated 
by  the  illustrations.  The  book  will  find  Its  way  on  to  most  engineers'  shelves,  where  it  wiU  rank  as 
one  of  the  most  useflil  books  of  reference."— /V«rMr«/  Engineer. 

"  Full  of  useful  information,  and  should  be  found  on  the  office  shelf  of  all  practkal 
—EngtUk  Mechanic. 
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MR.   MUTTON'S    PRACTICAL  HAHDBOOKS-continued, 


STEAM   BOILER   CONSTRUCTION. 

A  Practical    Handbook    for  Engineers,    Boiler*Make»,  and    Steam    Users. 

Containing  a  large  Collection  of  Rules  and  Data  rejating  to  Recent  Practice 

in  the  Design,  Construction,  and  Working  of  all  Kinds  of  Stationary,  Loco> 

motive,  and   Marine  Steam- Boilers.      Bv  Walter  S.   Hutton,  Civil  and 

Mechanical^  Engineer,  Author  of  "  The  Works*  Manager's  Handbook,"  "The 

Practical  Engineer's   Handbook."  &c     With  upwards  of  500  Illustrations. 

Third  Edition,  Revised  and  much  Enlarged,  medium  8vo,  cloth  .        .     1 8/0 

Bi^*  This  Work  is  issued  in  continuation  of  the  Series  of  Handbooks  written 

by  the  Author, vix. :— "The  Works  Manager's  Handbook  "  and  •*  The  Practical 

Engineer's  Handbook,"  which  are  so  highly  appreciated  by  engineers  for  the 

practical  nature  of  their  in/ormation ;  and  is  conuquently  written  in  the  same  style 

as  those  works. 

The  Author  believes  that  the  concentration,  in  a  convenient  form  for  easy 
reference,  of  such  a  large  amount  of  thoroughly  practical  information  on  Steam- 
Boilers,  will  be  of  considerable  service  to  those  for  whom  it  is  intended,  and  he  trusts 
the  book  may  be  deemed  worthy  of  as  favourable  a  reception  as  has  been  accorded  to 
its  predecessors. 

"  Every  detail,  both  In  boiler  design  and  management,  b  clearly  laid  before  the  reader.  The 
volume  shows  that  boiler  construction  has  been  reduced  to  the  condition  of  one  of  the  most  exact 
sciences ;  and  such  a  book  is  of  the  utmost  value  to  thejtn  de  sikcU  Engineer  and  Works  Manager." 
— Marine  Enj^neer, 

"  There  has  long  been  room  for  a  modem  handbook  on  steam  boilers ;  there  is  not  that  room 
now,  because  Mr.  Hutton  has  filled  it.  It  is  a  thoroughly  practical  book  for  those  who  are  occupied 
in  the  construction,  design,  selection,  or  use  of  boilers."— £M.^M/^r. 

"  The  book  is  of  so  important  and  comprehensive  a  character  that  it  must  find  its  way  into  the 
libraries  of  every  one  interested  in  boiler  using  or  boiler  manufacture  if  they  wish  to  be  thoroughly 
informed.  We  strongly  recommend  the  book  for  the  intrinsic  value  of  its  contents."— A/arAiM^O' 
AfarJtet. 

"  The  value  of  this  book  can  hardly  be  over-estimated.  The  author's  rulc^,  formube,  &c., 
arc  all  very  fresh,  and  it  is  impossible  to  turn  to  the  work  and  not  find  what  you  want.  No  practical 
engineer  should  be  without  it."— C*//i^ry  Guardian. 

PRACTICAL   MECHANICS'    WORKSHOP   COMPANION. 

Comprising  a  great  variety  of  the  most  useful  Rules  and  Formula:  in  Mechanical 
Science,  with  numerous  Tables  of  Practical  Data  and  Calculated  Results  for 
Facilitating  Mechanical  Operations.     By  William  Templeton,  Author  of 
'*  The  Engmecr's  Practical  Assistant,"  &c.,  &c.    Seventeenth  Eklition,  Re%-ised, 
Modernised,  and  considerably  Enlarged  by  Walter  S.  Hutton,  C.E.,  Author 
of  "The  Works'  Manager's  Handbook,'    "The  Practical  Engineer's  Hand- 
book," &C.      Fcap.  8vo,  nearly  500  pp.,  with  8  Plates  and  upwards  of  250  Illus- 
trative Diagrams,  strongly  bound  for  worlcshop  or  pocket  wear  and  tear .     6/0 
"  In  its  modernised  form  Mutton's  '  Templeton '  should  have  a  wide  s<ile,  for  it  contains  much 
valuatile  information  which  the  mechanic  will  often  find  of  use,  and  not  a  few  tables  and  notes  which 
he  might  look  for  in  vain  in  other  works.    This  modernised  edition  will  be  appreciated  by  all  who 
have  learned  to  value  the  original  editions  of  'Templeton.' "~£"hu.'''^M  Mechanic. 

"  It  has  met  with  great  success  in  the  engineering  workshop,  as  we  can  testify ;  and  there  are 
a  great  many  men  who,  in  a  great  measure,  owe  their  rise  in  hfe  to  thU  little  hoo\i."—Bitiidin{^ 

"  This  £uniliar  text-book— well  known  to  all  mechanics  and  engineers— Is  of  essential  service 
to  the  every-day  requirements  of  engineers,  millwrtehts.  and  the  various  trades  connected  with 
engineering  and  building.  The  new  modernised  edition  is  worth  its  weight  in  gol±"— Bui/din^ 
Sews.    (Second  Notice.) 

"  This  well'known  and  largely-used  book  contains  information,  brought  up  to  date,  of  the 
sort  so  useful  to  the  foreman  and  draughtsman.  So  much  fresh  information  has  been  introduced  as 
to  constitute  it  practicaOy  a  new  book.  It  will  be  largely  used  in  the  oflice  and  workshop. "- 
MeclutHicai  World. 

"  The  publishers  wisely  entrusted  the  task  of  revision  of  this  popular,  valuable,  and  useftil 
book  to  Mr.  Hutton,  than  whom  a  more  competent  man  they  could  not  have  found. '—/roM. 


ENGINEER'S   AND  MILLWRIGHTS   ASSISTANT. 

A  Collection  of  Useful  Tables,  Rules,  and  Data.    By  William  Templeton. 

Seventh  Edition,  with  Additions.     iBmo,  cloth 2/6 

"Occupies  a  foremost  place  among  books  of  this  kind.     A  more  suitable  present  to  an 
apprentice  to  any  of  the  mechanical  trades  could  not  possibly  be  xstoAK:' ^Building  News. 

"  A  deservedly  popular  work.    It  should  be  in  the  'drawer'  of  every  mechanic.**— A'^^.YM 
AfecAaMic. 
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THE  MECHANICAL  ENGINEER'S  REFERENCE  BOOK. 

For  Machine  and  Boiler  Construction.  In  Two  Parts.  Part  I.  General 
Engineeking  Data.  Part  II.  Boiler  Construction.  With  51  Pbues  and 
numerous  Illustrations.  By  Nelson  Foley,  M.I.N. A.  Second  Edttioo, 
Revised  throuxhout  and  much  Enlarged.     Folio,  half-bound,  net    .    £3  3s, 

PART  I.— Measures.— Circumferences  and  Areash  &c..  Squares.  Cubes, 
Fourth  powers.— Square  and  Cube  Roots.— Surface  of  Tubes.— Reciprocals.— 
Logarithms.- mensuration.- Specific  Gravities  and  Weights.— Work  and 
power.  — HEAT,— Combustion.— Expansion  and  Contraction.— Expansion  of 
Gases.— Steam — Static  Forces.— Gravitation  and  Attraction.— motion  and 
Computation  of  resulting  Forces.— Accumulated  work.— Centre  and  Radius 
OF  Gyration.— moment  of  Inertia.— Centre  of  Oscillation.— Electricity.— 
strength  of  materials.— elasticity.— test  sheets  op  metals.— friction.— 
Transmission  of  Power.— Flow  of  Liquids.— Flow  of  Gases.— Air  Pumps.  Surface 
condensers.  *c.— speed  of  steamships.— propellers.— cutting  tools.— flanges. 
—Copper  sheets  and  Tubes.— screws.  Nuts,  Bolt  Heads,  Ac.- Various  Recipes 
AND  Miscellaneous  Matter.— With  DIAGRAMS  for  Valve-Gear,  Belting  and 
Ropes.  Discharge  and  Suction  Pipes,  Screw  Propellers,  and  Copper  Pipes. 

PART  II.— Treating  of  Power  of  boilers.— Useful  Ratios.— Notes  on 
Construction.  —  Cylindrical  Boiler  Shells.  —  Circular  Furnaces.  —  Flat 
Plates — stays.  —  Girders.— Screws.  —  Hydraulic  tests.  —  riveting.  —  Boiler 
Setting.  Chim.neys.  and  Mountings.— Fuels.  Arc.— Examples  of  Boilers  and  Speeds 
OF  Steamships.— Nominal  and  Normal  Horse  Power.— With  DIAGRAMS  for  all 
Boiler  Calculations  and  Drawings  of  many  Varieties  of  Boilers. 

"  The  book  is  one  which  every  mechanical  engineer  may,  with  advantage  to  himself,  add  to 
his  Vlbnxy."—/HdHStries. 

"  Mr.  Foley  is  well  fitted  to  compile  sach  a  worlc  .  .  .  The  diagrams  are  a  great  feature 
ci  the  work.  .  .  .  Regarding  the  whole  work,  it  may  be  very  folriy  stated  that  Mr.  Foley  has 
produced  a  volume  which  will  undoubtedly  fulfil  the  desire  of  the  author  and  become  mdispensable 
to  aU  mechanical  engineers."— jlfaWicr  Engineer. 

"  We  have  carcftillv  examined  this  work,  and  pronounce  it  a  most  excellent  reference  book 
for  the  use  of  marine  engineers."- 5'<>N''»a/  ^American  Satiety  qfNmval  Engineers. 

COAL   AND   SPEED   TABLES. 

A  Pocket  Book  for  Engineers  and  Steam  Users.    By  Nelson  Foley,  Author 

of  "  The  Mechanical  Engineer's  Reference  Book."    Pocket-size,  cloth  .    3/6 

•  "  These  tables  are  designed  to  meet  the  requirements  of  every -day  use ;  they  are  of  sufficient 

scope  for  most  practical  purposes,  and  may  be  commended  to  engineers  and  uscis  of  steam."— 

Iron. 

TEXT-BOOK   ON   THE  STEAM    ENGINE. 

With  a  Supplement  on  Gas  Engines,  and  Part  II.  on  Heat  Engines.  By 
T.  M.  Goodeve,  M.A.,  Barrister-at-Law,  Professor  of  Mechanics  at  the  Roval 
College  of  Science,  London  ;  Author  of  "The  Principles  of  Mechanics,"  **  The 
Elements  of  Mechanism,"  &c.  Fourteenth  Eklition.  Crown  8vo,  cloth  .  6/0 
"  Professor  Goodeve  has  given  us  a  treatise  on  the  steam  engine  which  will  bear  comparisoo 
with  anything  written  by  Huxley  or  MaxwelL  and  we  can  award  it  no  higher  praise."— £"*v»»»««»'. 

"  Mr.  Coodeve's  text-book  is  a  work  of  which  every  young  engineer  should  possess  himsdl" 
—Mining  y^umal. 

ON    QAS    ENGINES. 

With  Appendix  describing  a  Recent  Engine  with  Tube  Igniter.     By  T.  M. 

Goodeve,  M.A.    Crown  8vo,  cloth 2/6 

"  Like  all  Mr.  Goodeve's  writings,  the  present  is  no  exception  in  point  of  general  excellence. 
It  is  a  valuable  little  \o\\imc."—AfechaMical  iVorid. 

A  TREATISE   ON   STEAM   BOILERS. 

Their  Strength,  Construction,  and  Economical  Working.    By  R.  Wilson,  CE. 

Fifth  Edition.     lamo,  cloth 6/0 

"  The  best  treatise  that  has  ever  been  published  on  steam  boilers.  —Engineer. 
"  Tbc  author  shows  himself  perfect  master  of  his  subject,  and  we  heartily  recommend  aD 
employing  steam  power  to  possess  tncmselvcs  of  the  work."— Xylan^s  Iron  Trade  Circtdar. 

THE  MECHANICAL  ENGINEER'S  COMPANION 

of  Areas,  Circumferences,  Decimal  Equivalents,  in  inches  and  feet,  millimetres, 
stjuares,  cubes,  roots,  &c.  ;  Weights,  Measures,  and  other  Data.  Also  Prac- 
tical Rules  for  Modem  Engine  Proportions.  By  R.  Edwards.  M.Inst.C.E. 
Fcap.  8vo,  cloth.  [Just  PtihiisMed.    8/6 
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A    HANDBOOK   ON   THE   STEAM   ENGINE. 

With  especial  Reference  to  Small  and  Medium-sized  Engines.  For  the  Use  of 
Engine  Makers,  Mechanical  Draughtsmen,  Engineering  Students,  and  users 
of  Steam  Power.  By  Herman  Haeder,  C.E.  Transited  from  the  German 
with  considerable  additions  and  alterations,  by  H.  H.  P.  Powles,  A.M.I.C.E., 
M.I.M.E.      Second    Edition,    Revised.      With    nearly    i,ioo   Illustrations. 

Crown  8vo,  cloth 9/0 

"  A  perfect  encyclopaedia  of  the  steam  eneine  and  its  details,  and  one  which  must  take  a  per- 
manent  ^ce  in  En^Ush  drawing-offices  and  workshops."— ,<*  Foreman  PaOtrn'maMer, 

"  This  is  an  exceDent  book,  and  should  be  in  the  hands  of  all  who  are  interested  in  the  con- 
struction and  design  of  niedium-<>tzed  stationary  engines.  ...  A  careful  study  of  its  contents  and 
the  arrangement  oi  the  sections  leads  to  the  conclusion  that  there  is  prot>ably  no  other  book  like  it 
in  this  country.  The  volume  aims  at  showing  the  results  of  practical  experience,  and  it  certainly 
may  claim  a  complete  achievement  of  this  'xAe^"— Nature. 

"  There  can  be  no  Question  as  to  its  value.  We  cordially  commend  it  to  all  concerned  in  the 
design  and  construction  of  the  steam  vws^t."—MtchaHical  World, 

BOILER   AND    FACTORY   CHIMNEYS. 

Their  Draught-Power  and  Stability.  With  a  chapter  on  Liehning  Conductors. 
By  Robert  Wilson,  A.I.C.E.,  Author  of  '*  A  Treatise  on  Steam  Boilers,"  &c 

Crown  8vo,  cloth 3/6 

"  A  valuable  contribution  to  the  literature  of  scientific  building."— TAe  Builder. 

BOILER  MAKER'S  READY  RECKONER  &  ASSISTANT. 

With  Examples  of  Practical  Geometry  and  Templating,  for  the  Use  of  Platers, 
Smiths,  and  Riveters.      By  John  Courtney,   Edited   by  D.    K.   Clark, 
M.I.C.E.    Third  Edition,  480  pp.,  with  140  Illustrations.     Fcap.  8vo    .     7/0 
"  No  workman  or  apprentice  should  be  without  this  book."— iron  Trade  Circular. 

REFRIQERATINQ   &    ICE-MAKINQ    MACHINERY. 

A  Descriptive  Treati.se  for  the  Use  of  Persons  Employing  Refrigerating 
and  Ice-Making  Installations,  and  others.  By  A.  J.  Wallis-Tayler, 
A.-M.  Inst.  C.E.  Second  Exlition,  Revised  and  Enlarged.  With  Illustrations. 
Crown  8vo,  cloth.  [Just  Publishtd.    7/6 

"  Practical,  explicit,  and  profusely  illustrated."— Ciix^«w»  Herald. 

"  We  recommend  the  book,  which  gives  the  cost  of  various  systems  and  illustrations  showing 
details  of  pans  of  machinery  and  general  arrangements  of  complete  installations."- ^MtiUIrr. 

"  May  be  recommended  as  a  useful  description  of  the  machinery,  the  processes,  and  of  the 
(acts,  figures,  and  tabulated  physics  of  refrigerating.  It  is  one  of  the  best  compilations  on  the 
subject.  —£«^««r. 

HYDRAULIC   MACHINERY. 

A  Practical  Handbook  on  the  Machinery  Employed  in  the  Concentration  and 
Transmission  of  Power.  By  G.  Croydon  Marks,  A.M.I.C.E.,  A.M.I.M.E. 
New  Edition,  Enlarged.    Crown  8vo.  [In  the  Press. 

THE  LOCOMOTIVE  ENGINE  AND  ITS  DEVELOPMENT. 

A  Popular  Treatise  on  the  Gradual  Improvements  made  in  Railway  Engines 
between  1803  and  1806.     By  Clement  E.  Stretton,  CE.     Fifth  Edition, 
Enlarged.    With  120  Illu.strations,    Crown  8vo,  cloth.     [Just  Publtshed.    3/6 
"  Students  of  railway  history  and  all  who  are  interested  in  the  evolution  of  the  modem  loco- 
motive will  find  much  to  attract  and  entertain  in  this  volume." — The  Titnes. 

"  The  author  of  thih  work  is  well  known  to  the  railway  world,  and  no  one,  probably,  has  a 
better  knowledge  of  the  history  and  development  of  the  locomotive.  The  volume  before  us  should 
be  of  value  to  aU  connected  with  the  railway  system  of  this  country."— ^a/wrv. 

ENQINEERINQ  ESTIMATES,  COSTS,  AND  ACCOUNTS. 

A  Guide  to  Commercial  Engineering.  With  numerous  examples  of  Estimates 
and  Costs  of  Millwright  Work,  Miscellaneous  Productions,  Steam  Engines  and 
Steam  Boilers ;  and  a  Section  on  the  Preparation  of  Costs  Accounts.  Bv 
A  General  Manager.  Second  Edition.  8vo,  cloth.  [Just  Published.  1 2/0 
"  This  is  an  excellent  and  very  useful  book,  covering  subject-matter  In  constant  rcouisition  in 

every  factory  and  workshop.  .  .  .  The  book  is  invaluable,  not  only  to  the  young  engineer,  but 

also  to  the  estimate  department  of  every  work.%."— Builder. 

*'  We  accord  the  work  unqualified  praise.    The  information  is  given  in  a  plain,  straightforward 

manner,  and  bears  throughout  evidence  of  the  intimate  practical  acquaintance  of  the  author  with 

every  phase  of  commercial  engineering."- A/!rcAaMu:a/  Prorld. 
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PLATINQ    AND   BOILER   MAKING. 

A  Practical  Handbook  for  Workshop  Operations.     By  Joseph  G.  Horkkr, 

A.M.I.M.E.  ("  Foreman  Pattern  Maker  '),  Author  of  "  Pattern  Making,"  &c. 

380  pp.  with  338  Illustrations.     Crown  8vo,  cloth.  [Just  Published,     7/6 

••  Th«  latest  production  from  the  pen  of  tlih  writer  b  characterised  by  that  cridenoe  of  close 

acquaintance  with  workshop  methods  which  will  render  the  book  exceedin^jr  KcepCable  to  the 

practical  hand.     We  have  no  hesitation  in  commending  the  work  as  a  semceable  and  i ^ — ' 

handbook  on  a  subject  which  has  not  hitherto  received  much  attention  trom  those  ([     "' 
with  it  in  a  satisfactory  mamneT.''—Mec^rticmi  H'crU, 

PATTERN    MAKINQ. 

A  Practical  Treatise,  embracine  the  Main  Types  of  Engineering  Construction, 
and  including  Gearing,  both  Hand  and  Machine-made,  Engine  Work,  Sheaves 
and  Pulleys,  Pipes  and  Columns,  Screws,  Machine  Parts,  Pumps  aiid  Codes, 
the  Moulding  of  Patterns  in  Loam  and  Greensand,  &c.,  together  with  the 
methods  of  estimating  the  weight  of  Castings ;  to  which  is  added  an  Appendix 
of  Tables  for  Workshop  Reference.     By  Joseph  G.  Horner,  A.M.I.M.E. 
(**  Foreman  Pattern  Maker  ").     Second  Edition,  thoroughly  Revised  and  much 
Enlarged.     With  450  Illustrations.    Crown  8vo,  cloth     ....     7/S 
"  A  well-written  technical  piide.  evidentlv  written  by  a  roan  who  understands  and  has  prac- 
tised what  he  has  written  about.  .  .   .   We  cordially  recommend  it  to  en^rineerinif  students,  youn|; 
Journeymen,  and  others  desirous  of  being  initiated  into  the  mysteries  of  pattera-mokine.''— .Aaniiiirr. 
"  More  than  400  iliustrarions  help  to  explain  the  text,  wnich  is.  however,  always  clear  and  ex- 
plicit, thus  rendering  the  work  an  excellent  vadt  nucum  for  the  apprentice  who  d^ircs  to  become 
master  of  his  trade."  — En^itsh  Mechanic. 

MECHANICAL   ENQINEERINQ   TERMS 

(Lockwood's  Dictionary  of)* ,  Embracing  those  current  in  the  Drawing  Office, 
Pattern  Shop,  Foundry,  Fitting,  Turning,  Smiths',  and  Boiler  Shops,  &c.,  &c 
Comprising  upwards  of  6,000  Definitions.     Ekiited  by  Joseph  G.  Horker, 
A.M.I.M.E.  ("Foreman  Pattern  Maker"),  Author  of  "Pattern Making," &c. 
Second  Edition,  Revised,  with  Additions.     Crown  8vo,  cloth  .        .        .     7/6 
"Just  the  sort  of  handy  dictionary  required  by  the  various  trades  en^aj^  in  mechanical  en- 
gineering.   The  pr.-ictical  enfpneerinff  pu|^  will  find  the  book  of  great  value  m  his  studies,  and  every 
foreman  engineer  and  mechanic  should  have  a  copy."— Bui/dtMjp  Nems. 

"  Not  raerrly  a  dictionan-,  but,  to  a  certain  extent,  also  a  most  valuable  guide.  It  strikes  as 
as  a  happy  idea  to  combine  with  a  definirion  of  the  phrase  useful  information  on  the  subject  of 
which  It  treats."— /l/ofAiw^ry  Market, 

TOOTHED   QEARINQ. 

A  Practical  Handbook  for  Offices  and  Workshops.  By  Joseph  Horker, 
A.M.I.M.E.  ("Foreman  Pattern  Maker"),  Author  of  "Pattern  Making,"  &c. 

With  184  Illustrations.     Crown  8vo,  cloth 6/0 

"  We  must  give  the  book  our  unqualified  praise  for  its  thoroughness  of  treatment,  and  we  can 

heartily  recommend  it  to  all  interested  as  the  most  practical  book  on  the  subject  yet  written."— 

Mechanical  H'orld. 

FIRES,    FIRE-ENGINES,    &    FIRE    BRIGADES. 

With  a  History  of  Fire-Eneines^  their  Construction,  Use,  and  Manage- 
ment ;  Remarks  on  Fire-proo?  Buildings,  and  the  Preservation  of  Life  from 
Fire ;  Statistics  of  the  Fire  Appliances  in  English  Towns ;  Foreign  Fire 
Systems  ;  Hints  on  Fire- Brigades,  &c.,  &c     By  Chaki.es  F.  T.  Young,  CE. 

With  Illustrations,  544  pp.     Demy  Svo,  cloth £1   4s. 

"  To  such  of  our  readers  as  arc  interested  in  the  subject  of  fires  and  fire  apparatus,  wc  can 
most  heartily  commend  this  book.  It  is  really  the  only  English  work  we  now  have  upon  the  sub- 
ject. "^—Engitieerini^. 


MOTOR   CARS    FOR   COMMON    ROADS. 

By  A.  T.  Wallis-Tavler,  Assoc.  Memb.  Inst.  CE.,  Author  of  "Modem 
Cycles, '  &c.  Including  Early  and  Recent  Examples  of  Steam  Road  Carriages^ 
Internal  Combustion  or  Explosive  Engine  Carriages,  Electric  Motor  Carriages, 
Miscellaneous  Motor  Cars,  Auto-Car  Bill,  Rules  and  Regulations^  &c.  With 
numerous  Illustrations.     Crown  Svo,  cloth.  {fvst  Published.    4/6 
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STONE-WORKING    MACHINERY.  ' 

A  Manual  dealing  with  the  Rapid  and  Economical  Conversion  of  Stone.  With 
Hints  on  the  Arrangement  and  Management  of  Stone  Works.  By  M.  Powis 
Bale,  M.l.M.E.  Second  Edition,  enlarged.  With  Illustrations.  Crown  8vo, 
cloth.  [Just  Published.    9/O 

"  The  book  should  be  In  the  hands  of  rvcry  mason  or  student  of  stonework."— Co//i^ry 
Giiardian. 

"  A  capital  handbook  for  all  who  manipulate  stone  for  building  or  ornamental  purposes."— 
MatMtury  Market. 

PUMPS    AND    PUMPING. 

A  Handbook  for  Pump  Users.      Being  Notes  on  Selection,  Construction,  and 

Management.     By  M.   Powis  Bai.b,   M.l.M.E.     Third  Edition,   Revised. 

Crown  8vo,  cloth,  [Just  Published.    2/6 

"The  matter  is  set  forth  as  concisely  as  possible.    In  fact,  condensation  rather  than  diffuse- 

ness  has  been  the  author's  aim  throughout ;  yet  he  does  not  seem  to  have  omitted  anything  likely  to 

be  of  vatJ"—yoHmal  of  G<ts  Lighting. 

*'  Thoroughly  practical  and  simply  and  clearly  vrtittca.''—Clajgffiv  Htraid 

MILLING    MACHINES   AND    PROCESSES. 

A  Practical  Treatise  on  Shaping  Metals  by  Rotary  Cutters.  Including 
Information  on  Makine  and  Grinding  the  Cutters.  By  Paul  N.  Hasluck, 
Author  of  "  Lathe- Work."    352  pp.    With  upwards  of  300  Engravings.     Large 

crown  8vo,  cloth 1 2/o 

*•  A  new  departure  in  engineering  literature.  .  .  .  We  can  recommend  this  work  to  all  in- 
terested in  milling  machines  ;  it  w  what  it  professes  to  be— a  practical  XteMaiC."—f-njrituer. 

••  A  capiul  and  reliable  book  which  will  no  doubt  be  of  considerable  service  both  to  those 
who  are  already  acquainted  with  the  process  as  well  as  to  those  who  contemplate  its  adoption."— 
Imdustrus. 

LATHE-WORK. 

A  Practical  Treatise  on  the  Tools,  Appliances,  and  Processes  employed  in 
the  Art  of  Turning.     By  Paul  N.  Hasluck.     Fifth  Edition.    Crown  8vo, 

cloth 6/0 

"  Written  by  a  man  who  knows  not  only  how  work  ought  to  be  done,  but  who  also  knows  how 
to  do  it,  and  how  to  convey  his  knowledge  to  others.  To  alTturncrs  this  book  would  be  valuable."— 
EngineeriHg. 

"  We  can  safely  recommend  the  work  to  young  engineers.  To  the  amateur  it  »riU  simply  be 
invaluable.    To  the  student  it  will  convey  a  great  deal  of  useful  information."— ^'m^'m^^t. 

SCREW-THREADS, 

And  Methods  of  Producing  Them.  With  numerous  Tables  and  complete 
Directions  for  using  Screw-Cutting  Lathes.  By  Paul  N.  Hasluck,  Author 
of  "  Lathe- Work,"  &c.     With  Seventy-four  Illustrations.      Fourth  Edition, 

Re-written  and  Enlarged.     Waistcoat-pocket  size 1  /© 

"  Full  of  useful  information,  hints  and  practical  criticism.  Taps,  dies,  and  screwing  tools 
generally  are  illustrated  and  their  actions  dcscn\x(\."—MrcMaHi£ai  li'ortd. 

"  It  is  a  complete  compendium  of  all  the  details  of  the  scrow-cutting  lathe  ;  in  fact  a  mttJtum- 
in-parvo  on  all  the  subjects  it  treats  \x^iu"— Carpenter  and  Builder. 

TABLES  AND  MEMORANDA  FOR  ENGINEERS, 
MECHANICS,  ARCHITECTS.  BUILDERS,  &c. 

Selected  and  Arranged  by  Francis  Smith.     Sixth  Edition,  Revised,  including 

Electrical  Tables,  Formul-*,  and  Memoranda.     Waistcoat-pocket  size, 

limp  leather.  [Just  Published.     1/6 

"  It  would,  perhaps,  be  as  difficult  to  make  a  small  pocket-book  selection  of  notes  and  formulae 

to  suit  ALL  engineers  as  it  would  be  to  make  a  universal  medicine ;  but  Mr.  Smith's  waistcoat* 

pocket  collection  may  be  looked  upon  as  a  successful  attempt."— ^M(i>M^r. 

"  The  best  example  we  have  ever  seen  of  970  pajfes  of  useful  matter  packed  into  the  dimen- 
sions of  a  card-case."— if«»A/i>v  J^f»s.  "  A  veritable  pocket  treasury  of  knowled^fe."- /ran. 

POCKET   GLOSSARY   OF  TECHNICAL   TERMS. 

English-French,  Frcnch-English ;  with  Tables  suitable  for  the  Architectural, 
Engineering,  Manufacturing,  and  Nautical  Professions.  By  John  James 
Fletcher,  Engineer  and  Survej-or.    Second  Edition,  Revised  and  Enlarged, 

aoo  pp.     Waistcoat-pocket  siae,  limp  leather l/o 

••  It  is  a  very  great  advnntaffe  for  renders  and  correspondents  in  France  and  England  to  hare 
so  large  a  number  of  the  words  relatint;  to  cnginecrinK  and  manufacturers  collected  m  a  lUliputian 
Tolume.    The  little  book  will  be  usefulboth  to  students  and  travellers."— /^rrAri^rA 

"  The  iflossary  of  terms  is  very  complete,  and  many  of  the  Tables  are  new  and  well  arranged. 
We  cordially  commend  the  book."— MetMani^a/  ffcr/J. 
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THE    ENGINEER'S   YEAR   BOOK    FOR    189S. 

Comprising  Formulae,  Rules,  Tables,  Data  and  Memoranda  in  Civil,  Mechanical, 
Electrical,  Marine  and  Mine  Engineering.  By  H.  R.  Kemi^A.M.  lose  CE., 
M.I.E.E.,  Technical  Officer  of  the  Engineer-in-Chief's  Office,  General  Post 
Office,  London,  Author  of  "A  Handbook  of  Electrical  Testing."  "TTie 
Electrical  Engineer's  Pocket- Book,"  &c.  With  about  850  Illustrations,  Hwdalljr 
Engraved  for  the  work.  Crown  8vo,  700  pp.,  leather.  [Just  Published.  SfO 
"  Represents  an  enormous  quantity  of  work,  and  forms  a  desirable  book  of  reference." — Tike 
Jittgiftftr. 

"The  volume  Is  distinctly  in  advance  of  most  similar  publkations  in  this  country." — 
JinjcineeriHt^. 

"  This  valuable  and  well-designed  book  of  reference  meets  the  demands  of  aU  descriptioas  of 
engineers." — Saturday  Revinv. 

"  Teems  with  up-to-date  information  in  every  branch  of  engineering  and  constmctkn.**— 
BttiUiHg  Nfws. 

"  The  needs  of  the  engineering  profession  could  hardly  be  supplied  in  a  more  adnbabie. 
complete  and  convenient  furm.  To  say  that  it  more  than  sus^iins  all  comparisons  is  praise  of  tbe 
highest  sort,  and  that  in.iv  justly  be  said  of  it." — MtntHji;  yommaJ. 

"  There  is  certainfy  room  for  tbe  newcomer,  which  supplies  explanations  and  directions,  as 
wen  as  formula  and  tables.  It  deserves  to  become  one  of  tbe  most  successful  of  the  technical 
annuals.  "—j4  rt  hi  tec  t. 

"  Brings  together  witli  great  skill  all  tbe  technical  information  which  an  engineer  has  to  ose 
day  by  day.     It  Is  in  evrry  way  admirably  equipped,  and  is  sure  to  prove  vucccssfuL'—SivUimam. 

"  The  up-to-djtmrs«  of  Mr.  Kcmpe's  compilation  is  a  quality  that  wiU  not  be  lost  on  tbe  bmjr 
people  for  whom  the  work  is  intended."— C/«^yww  HeraUL 

THE    PORTABLE    ENGINE. 

A  Practical  Manual  on  its  Construction  and  Management.  For  tbe  tise 
of  Owners  and  Users  of  Steam  Engines  generally.      By  William   Dvson 

Wansbrough.     Crown  8vo,  cloth S/S 

"  This  is  a  work  of  value  to  those  who  use  steam  machinery.  .  .  .  Should  be  read  by  every 
one  who  has  a  steam  engine,  on  a  farm  or  elsewhere." — Mark  Lane  Exprtu. 

"  We  cordi-Uiy  commend  this  work  to  buyers  and  owners  of  steam  engines,  and  to  those  wbo 
have  to  do  with  their  comitruction  or  use."— TtmS^r  TrmeUs  youmai, 

"  Such  a  general  knowledge  of  the  steam-engine  as  Mr.  Wansbrough  furnishes  to  the  reader 
should  be  acquired  by  all  intelligent  owners  and  others  who  use  the  steam  engine.  "—/7w('^t<i^  Nrmt. 
"An  excellent  test-book  of  this  useful  form  of  engine.    The  '  Hints  to  Purchasers'  contain  a 
good  deal  of  conunon-scnse  and  practical  wisdom."— f^^/iixA  Uuhanu. 

IRON    AND   STEEL- 

A  Work  for  the  Forge,  Foundry,  Factory,  and  Office.  Containing  ready, 
useful,  and  trustworthy  Information  for  Ironmasters  and  their  Stock-takers; 
Managers  of  Bar,  Rail,  Plate,  and  Sheet  Rolling  Mills;  Iron  and  Metal 
Founders;  Iron  Ship  and  Bridge  Builders;  Mechanical,  Mining,  and  Con- 
sulting Engineers ;  Architects,  Contractors,  Builders,  &c  By  Chari.es  Hoark, 
Author  of '^  The  Slide  Rule,"  &c     Ninth  Edition.    32mo,  leather         .     6/0 

"  For  comprehcn-sivencss  the  book  has  not  its  equaL"— /r»»«. 

"  One  of  the  best  of  the  pocket  hooks." ~Et*£lish  Mechanic. 

CONDENSED   MECHANICS. 

A  Selection  of  Formulae,  Rules,  Tables,  and  Data  for  the  Use  of  Engineering 
Students,  Science  Classes,  &c.  In  accordance  with  the  Requirements  of  tbe 
Science  and  Art  Department.     By  W.  G.  Crawford  Hughes,  A.M.I.CE. 

Crown  8vo,  cloth 2/6 

"  The  book  is  well  fitted  for  those  who  arc  cither  confronted  with  uractkal  problems  in 
their  work,  or  are  preparing  for  examination  and  wish  to  refresh  their  knowledge,  by  gomg  through 
their  formuUe  again."— yl/arr**/  Enginttr. 

"  It  is  well  arranged,  and  meets  the  wants  of  those  for  whom  it  is  intended."— ^«t/wB^  JVews. 

THE    SAFE    USE   OF   STEAM. 

Containing  Rules  for  Unprofessional  Steam  Users.  By  an  Engineer.  Seventh 
Edition.     Sewed 60. 

•*  If  steam-users  would  but  learn  this  little  book  by  heart,  boiler  explosions  would  become 
sensations  by  their  raxity."— I: M^/ith  Mechanic. 

HEATING    BY    HOT   WATER. 

With  Information  and  Suggestions  on  the  best  Methods  of  Heating  Poblic, 

Private  and  Horticultural  Buildings.     By  Walter  Jones.     Second  Edition. 

With  q6  Illustrations,  crown  8vo,  cloth  ...       Hit  2/6 

•'  We  confidently  recommend  all  interested  in  heating  by  hot  water  to  secure  a  copy  of  tMs 

Taluable  Uttle  treatise.'— T**-  PiMmber  and  Decorator. 
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CIVIL    ENGINEERING,    SURVEYING,    &c. 


LIQHT    RAILWAYS    FOR    THE    UNITED    KINGDOM, 
INDIA,    AND   THE   COLONIES. 

A  Practical  Handbook  settine  forth  the  Principles  on  which  Light  Railways 
should  be  Constructed,  Worked,  and  Financed  ;  and  detailing  the  Cost  of 
Construction,  Equipment,  Revenue  and  Working  Elxpenses  of  Local  Railways 
already  established  in  the  above-mentioned  countries,  and  in  Belgium,  France. 
Switzerland,  &c  By  J.  C.  Mackay,  F.G.S.,  A.M.  Inst.C.E.  Illustrated 
with  Plates  and  Diagrams.     Medium  8vo,  cloth.  IJitst  Published.     1 5/O 

"Mr.  Mackay's  volume  is  clearly  and  concisely  written,  admirably  arranged,  and  freely 

illustrated.    The  book  is  exactly  what  has  been  lonif  wanted.    We  recommend  it  to  all  interested 

in  the  subiecu    It  is  sure  to  have  a  wide  sale."— ^at/wav  News. 

"  Those  who  desire  to  have  within  reach  general  information  concerning  almost  all  the  Bgbt 

railway  systems  in  the  world  will  do  well  to  buy  Mr.  Mackay's  hook."— EmrtHttr. 

"  This  work  appears  very  opportunely,  when  the  extension  of  the  system  on  a  large  scale  to 

Eneland  is  at  last  being  mooted.    In  its  pages  we  find  all  the  information  that  the  heart  of  man  can 

denre  on  the  subject.    .    .    .    every  detail  m  its  story,  founded  on  the  experience  of  other  countries 

and  applied  to  the  possibUities  of  England,  is  put  before  us."—S/ectatffr. 

PRACTICAL   TUNNELLING. 

Explaining  in  detail  Setting-out  the  Works,  Shaft-sinking,  and  Heading-driving, 
Ranging  the  Lines  and  Levelling  underground,  Sub-Excavating,  Timbering 
and  the  Construction  of  the  Brickwork  of  Tunnels,  with  the  amount  of  Labour 
required  for,  and  the  Cost  of,  the  various  portions  of  the  work.  By  Frederick 
W.  SiMMS.  M.  Inst.C.E.  Fourth  Edition,  Revised  and  Further  Extended, 
including  the  most  recent  (1805)  Examples  of  Sub-aqueous  and  other  Tunnels, 
by  D.  KiNNEAR  Clark,  M.  Inst.  C.E.  Imperial  8vo,  with  34  Folding  Plates 
and  other  Illustrations.     Cloth.  [J*ist  Published.    £,Q  2s. 

"  The  present  (1896)  edition  has  been  brought  right  up  to  date,  and  is  thus  rendered  a  work  to 
which  civil  engineers  generally  should  have  ready  access,  and  to  which  engineers  who  have  con- 
struction work  can  hardly  afford  to  be  without,  but  which  to  the  younger  members  of  the  professkm 
is  invaluable,  as  from  its  pages  they  can  learn  the  state  to  which  the  science  of  tunnelling  has 
attained."— ^a»/%%s/  News. 

"  Tiie  estimation  in  which  Mr.  Simms's  book  has  been  held  for  many  years  cannot  be  more 
truly  expressed  than  in  the  words  of  the  kite  Prof.  Rankine:  'The  best  source  of  information  on 
the  subject  of  tunnels  is  Mr.  F.  W.  Simms's  work  on  l*ractical  Tunnelling.'  "—Architttt. 

THE  WATER  SUPPLY   OF  TOWNS   AND   THE   CON- 
STRUCTION OP  WATBR-WORKS. 

A  Practical  Treatise  for  the  Use  of  Engineers  and  Students  of  Engineering. 
By  W.  K.  Burton,  A.M.  Inst.  C.E.,  Professor  of  Sanitary  Engineering  in  the 
Imperial  University,  Tokyo,  Japan,  aiid  Consulting  Engineer  to  the  Tokyo 
Water-works.      Second  Edition,    Revised   and    Extended.      With  numerous 
Plates  and  Illustrations.     Super-royal  8vo,  buckram.  [Just  Publisfud.    22ff/0 
I.  Introductory.  —  II.  Differhnt  Qualities  of  Water. —  III.  Qua.ntity  of 
Water  to  be  Provided,— l v.  ox  ascertaining  whether  a  Proposed  source  of 
Supply    is  sufficient.— v.  on   Estimatinc.  the  Storage  Capacity  required 
to  bh  provided.— VI.  Classification  of  Water-works.— Vll.  Impounding  Rf^br- 
voiRS.— VIII.   Earthwork  Dams.— IX.   Masonry  Dams,— X.   the  purification  of 
Water.— XI.  Settling  Reservoirs.— XII.   Sand   Filtration.— XI 11.   purification 
OF  Water  by  action  of  Iron,  Softening  of  Water  by  action  of  Lime.  Natural 
Filtration.— XIV.  Service  or  Clean  water  Reservoirs— Water  Towers— stand 
Pipes.— XV.  The  Co.N.NEcrioN  of  settling  Reservoirs,  Filter  Beds  and  service 
Reservoirs.— XVI.   Pumping  Machinery.-XVU.   Flow  of  Watfr  in  Conduits- 
Pipes   AND    open    channels.— XVIII.    DISTRIBUTION    SYSTEMS.- XIX.    SPECIAL    PRO- 
VISIONS FOR  THE  Extinction  of  Fire,— XX.  Pipes  for  waterworks.— XXI.  Pre- 
vention OF  Waste  of  Water.— XXII.  Various  applications  used  in  Connection 
with  Water-works. 

Appendix  I.  By  prof.  JOHN  MILNE,  F.R.S.-Consi derations  concerning  the 
Probable  Effects  of  Earthquakes  on  Water-works,  and  the  special  Pre- 
cautions to  be  taken  in  Earthquake  Countries. 

appendix  II.     By  JOHN    DE    RIJKE,  C.E.-ON  SAND    DUNES  AND  DUNE  SAND  AS 

A  Source  of  water  supply. 

••  The  chapter  upon  filtration  of  water  Is  very  complete,  and  the  details  of  construction  well 
Illustrated.  .  .  .  Tne  work  should  be  specially  valuable  to  civil  enfirineers  enfpised  in  work  In 
Japan,  but  the  interest  is  by  no  means  confined  to  that  locality."— Zf«^»>i^^r. 

••  We  conin^atulate  the  author  upon  the  practical  commonsense  shown  in  the  preparation  of 
this  work.  .  .  .  The  plates  and  diatfrnnis  have  evidently  been  prepared  with  gteat  care,  and 
cannot  foU  to  be  of  great  assii^ance  to  the  student."— ^MtA^'. 

"  The  whole  art  of  water-works  const  ruction  is  dealt  with  in  a  clear  and  comprehensive  fashioo 
in  this  handsome  volume.  .  .  .  Mr.  Burton's  practical  treatise  shows  in  all  its  sections  the  Arutt 
of  independent  study  and  individual  experience,  it  is  largely  based  upon  bis  own  practice  in  tte 
braiKh  of  engineering  of  whkh  it  treats."— Af/wrirfay  Review. 
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THE   WATER  SUPPLY   OP   CITIES   AND   TOWNS. 

By  William  Humber.  A.  M.  Inst.  CE.,  and  M.  Inst.  M.E.,  Author  of  *'  Cast 
and  Wrought  Iron  Bridse  Constniction,"  &c,  &c.  Illustrated  with  50  Double 
Plates,  I  Single  Plate,  Coloured  Frontispiece,  and  upwards  of  350  Woodcuts, 
and  containing  400   pp.  of  Text.     Imp.  410,   elegantly    and    substantially 

half'bound  in  morocco £6  6«. 

List  of  Contents. 
I.  Historical  skrtch  of  some  of  the  means  that  have  been  adopted  for 

THE  SUPPLY  OF  WATER  TO  CITIES  AND  TOWNS.— II.  WATER  AND  THE  FOREIGN  MATTER 
USUALLY  ASSOCIATF.D  WITH   IT.— III.    RAINFALL  AND  EVAPORATION.— IV.    SPRINGS  ANI> 

THE  Water-bearing  Formations  of  various  Districts.— V.  measurement  and 
Estimation  of  the  Flow  of  water.— VI.  on  the  Selection  of  the  Source  of 
Supply.— VII.  wells.— VHI.  reservoirs.— IX.  the  purification  of  Water.— X. 
Pumps.— XI.  Pumping  Machinery.— XII.  Conduits.— XIII.  Distribution  of  Water. 
—XIV.  Meters,  Skrvice  pipes,  and  House  Fittings.— -XV.  the  Law  of  Economy  of 
Waterworks.— XVI,  Constant  and  Intermittent  Supply.— XVII.  Description  op 
Plates.- A pPF.NuicRs,  giving  Tables  of  Rates  of  supply.  Velocities,  Ac,  &c., 
toceihbr  with  specifications  of  several  Works  illustrated,  among  which 
will  be  found:  Akkrdeen,  Bideford.  Canterbury,  Dundee,  Halifax,  Lambeth. 
Rotherham,  Dublin,  and  others. 

"  The  roost  systematic  and  valuaUe  work  upon  water  supply  hitherto  produced  in  English,  or 
in  any  other  laiii^age.  .  .  .  Mr.  H umber's  work  is  characterised  almost  throc^iMWt  by  an 
exhaustiveness  much  more  distinctive  of  French  and  German  than  of  English  technical  treatises."— 

RURAL   WATER   SUPPLY. 

A  Practical  Handbook  on  the  Supply  of  Water  and  Constructiwi  of  Water- 
works for  small  Country  Districts.  By  Allan  Greenwkli,,  A.M.I.C.E., 
and  W.  T.  Curry,  A.M.I.C.E.,  F.G.S.  With  Illustrations.  Crown  8vo, 
cloth.  [Just  PtMisked.    5/O 

"  We  conscientiously  recommend  it  as  a  very  useful  book  for  those  concerned  in  obtaining 
water  for  small  districts,  giving  a  great  deal  of  practical  information  In  a  small  compass."— A«i<Ulfr. 

"  The  volume  contains  valuable  information  upon  all  ntatters  connected  with  water  supply. 
.  .  .  It  is  full  of  details  on  points  which  are  continually  before  water-works  engineers. "— 
Nature. 

HYDRAULIC  TABLES,  CO-EFFICIENTS,  &  FORMUL/E. 

For  Finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs,  Pipes,  and 

Rivers.     With  New  Formula,  Tables,  and  General  Information  on  Rain-fall, 

*  Catchment -Basins,  Drainage,  Sewerage,  Water  Supply  for  Towns  and    Mill 

Power.      By  John    Neville,  Civil   Engineer,   M.K.I. A.      Third    Edition, 

revised,  with  additions.    Numerous  Illustrations.    Crown  8vo,  cloth    .    14/0 

"  It  is.  of  all  Hnglt<di  books  on  the  subject,  the  one  nearest  to  com^detenesK.    .    .    .    From 

the  good  arrangement  of  the  matter,  the  clear  explanations  and  abundance  of  formulae,  the  carefolly 

calculated  tables,  and,  above  all,  the  thorough  acquainiance  with  both  theory  and  coustnictioa, 

which  is  displayed  from  lirst  to  last,  the  book  will  be  found  to  be  an  acquisition.'  —Architect. 

HYDRAULIC    MANUAL. 

Consisting  of  Working  Tables  and  Explanatory  Text.  Intended  as  a  Guide  in 
Hydraulic  Calculations  and  Field  Operations.  By  Lowis  D'A.  Jackson,  • 
Author  of  "Aid  to  Survey  Practice,"  "Modern  Metrology,"  &c      Fotu-th 

Edition,  Enlarged.     Large  crown  8vo,  cloth 1 6/0 

"  The  author  has  had  a  wide  experience  in  hydraulic  engineering  and  has  been  a  carefbl 

observer  of  the  facts  which  have  come  under  his  notice,  and  from  the  great  mass  of  material  at  his 

command  he  has  constructed  a  manual  which  may  be  accepted  as  a  tnistworthy  guide  to  this 

branch  of  the  engineer's  profession.'"— £"«4i«/^m>»^. 

••  The  most  useful  feature  of  this  work  is  its  freedom  from  what  is  superannuated,  and  its 

thorough  adoption  of  recent  experiments ;  the  text  is  in  fact  in  great  part  a  short  account  of  the 

great  modem  experiments. "—Aii/wrr. 

WATER    ENOINEERINQ. 

A  Practical  Treatise  on  the  Measurement,  Storage,  Conveyance,  and  Utilisa- 
tion of  Water  for  the  Supply  of  Towns,  for  Mill  Power,  and  for  other  Piuposes. 
By  C.  Slagg,  a.  M.  Inst.  C.E.  Second  Edition.  Crown  8vo,  cloth  .  7/6 
As  a  small  practical  treatise  on  the  water  supfdy  of  towns,  and  on  some  applications  of  water- 
power,  the  work  is  in  many  respects  excellent."- /Tw^'mvriM/^. 

"  The  author  has  collated  the  results  deduced  from  the  experiments  of  the  most  eminent 
authorities;,  and  has  presented  them  In  a  comiKict  and  pracrical  form,  accompanied  by  very  dear 
and  detailed  explanations.  .  .  .  The  apphcation  of  water  as  a  motive  power  is  treated  very 
carefully  and  tixnaxx^\\Q\y."—Btiil4er. 
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MA50NRY  DAMS  PROM  INCEPTION  TO  COMPLETION. 

Including  numerous  Formulae,  Forms  of  Specification  and  Tender,  Pocket 
Diagram  of  Forces,  &c.  For  the  use  of  Civil  and  Mining  Engineers.  By 
C.  F.  Courtney,  M.  Inst.  C.E.    8vo,  cloth.  [Just  Published.    9/0 

RIVER    BARS. 

The  Caus^  of  their  Formation,  and  their  Treatment  by  "  Induced  Tidal 
Scour ; "  with  a  Description  of  the  Successful  Reduction  by  this  Method  of 
the  Bar  at  Dublin.     By  I.  J.  Mann,  Assist.  Eng.  to  the  Dubhn  Port  and  Docks 

Board.     Royal  8vo,  cloth 7/6 

"  We  recommend  nil  interested  In  harbour  worics— and,  indeed,  those  concerned  in  the 

improrements  of  rivers  generally— to  read  Mr.  Mann's  interesting  work  on  the  treatment  of  rircr 

bars. " — Engineer. 

DRAINAGE    OF    LANDS,    TOWNS    AND    BUILDINGS* 

By  G.  D.  Dempsey,  C.E.     Revised,  with  laree  Additions  on  Recent  Prac- 
tice IN  Drainage  Engineering,  by  D.  ICinnear  Clark,  M.  Inst.  C.E., 
Author  of  *  *  Tramways :  their  Construction  and  Working. "  Cr.  8vo,  cloth  .   4/6 
"The  new  matter  added  lo  Mr.  Dempsey  s  excellent  work  is  characterised  by  the  compre- 
tve  srasp  and  accuracy  of  detail  for  which  the  name  of  Mr.  D.  K.  Clark  is  a  sufficient 
Toucher.  —Atkenaum. 

TRAMWAYS:  THEIR  CONSTRUCTION  AND  WORKING. 

Embracing  a  Comprehensive  History  of  the  System ;   with  an  exhaustive 

Analysis  of  the  Various  Modes  of  Traction,  including  Horse  Power,  Steam, 

Cable  Traction,   Electric  Traction,   &c. ;  a  Descnpuon  of  the  Varieties  of 

Rolling  Stock ;  and  ample  Details  of  Cost  and  Working  Expenses.     New 

Edition,  Thoroughljr  Revised,  and  Including  the  Progress  recently  made  in 

Tramway  Construction,  &c.,  &c.     By  D.  Kinnear  Clark,   M.  Inst.  C.E. 

With  400  Illustrations.     8vo,  780  pp.,  buckram.  [Just  Published.     228/0 

"  Althoug[h  described  as  a  new  edition,  this  book  is  really  a  new  one,  n  large  part  of  it,  which 

covers  historical  ground,  having  been  rc-written  and  amplified  ;  while  the  parts  which  relate  to  all 

that  has  been  done  since  i88a  appear  in  this  edition  only.    It  is  sixteen  years  since  the  first  edition 

appeared,  and  twelve  years  ^nce  the  supplementary  volume  to  the  first   book  was  published. 

Alter  a  Lapse,  then,  of  twelve  years,  it  is  obvious  that  the  author  has  at  his  disposal  a  vast 

quantity  of  descriptive  and  statistical  information,  with  which  he  may,  and  has,  produced  a 

Tokjme  of  great  value  to  all  interested  in  tramway  construction  and  workmg.    The  new  volume  is 

one  which  will  rank,  among  tnimway  engineers  and  those  interested  in  tramway  working,  with  his 

world-famed  book  on  railway  machinery."— TAtr  Engiiteer,  March  8,  1895. 

PRACTICAL   SURVEYING. 

A  Text-Book  for  Students  preparing  for  Examinations  or  for  Survey-work  in 
the  Colonics.  By  George  W.  Usill,  A.M.I.C.E.  With  4  Plates  and  up- 
wards of  330  Illustrations.  Fifth  Edition,  Revised  and  Enlarged.  Including 
Tables  of  Natural  Sines,  Tangents,  Secants,  &c.  Crown  8vo,  cloth  7/6  I  or, 
on  Thin   Papkr,   bound  in   limp  leather,  gilt  edges,  rounded  comers,  for 

pocket  use 1 2/6 

"  The  best  forms  of  instruments  are  described  as  to  their  construction,  uses  and  modes 
of  employment,  and  there  are  innumerable  hints  on  work  and  equipment  such  as  the  author,  in 
bis  experience  as  surveyor,  draughtsman  and  teacher,  has  found  necessary,  and  which  the  student 
in  his  roexpcrience  will  find  most  serviceaWc."— /i'Mj^i'^w^*. 

"The  latest  treatise  in  the  English  language  on  surveying,  and  we  have  no  hesitation  in  say- 
ing that  the  student  will  find  it  a  better  guide  than  any  of  its  predecessors.  Deserves  to  be 
recognised  as  the  first  book  which  should  be  put  m  the  hands  of  a  pupil  of  Civil  Engineering."— 
ArchiUct. 

AID   TO   SURVEY    PRACTICE. 

For  Reference  in  Surveying,  Levelling,  and  Setting-out ;  and  in  Route  Sur« 
veya  of  Travellers  by  Land  and  Sea.  With  Tables,  Illustrations,  and  Records. 
By  Lowis  D'A.  Jackson,  A.M.I.C.E.    Second  Edition,  Enlarged.     Large 

crown  8vo,  cloth 1 2/6 

"  Mr.  Jackson  has  produced  a  valuable  x-ade-memm  for  the  surveyor.  We  can  recommend 
this  book  as  containing  an  admirable  supplement  to  the  teaching  of  the  accomplislied  surveyor."— 
Athetueum, 

"  As  a  text-book  we  should  advise  all  surveyors  to  place  it  in  their  libraries,  and  study  well 
tltc  matured  instructions  afforded  in  its  pages."— c'(>//(Vr)'  Gtutrdlan. 

"The  author  brin^  to  his  work  a  fortunate  union  of  theory  and  practical  experience  whlch» 
aided  by  a  clear  and  lucid  style  of  writing,  renders  the  book  a  very  useful  one." — Builder, 
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12         CROSBY  LOCKWOOD  &»  SON'S  CATALOGUE. 
ENGINEER'S  &  MINING   SURVEYOR'S  FIELD  BOOK. 

Consisting  oi  a  Series  of  Tables,  with  Rules,  £xplanati<Mis  of  Systems,  and 
use  of  Theodolite  for  Traverse  S\irveying  and  plotting  the  work  with  minute 
accuracy  by  means  of  Straight  Edge  suid  Set  Square  only ;  Levelling  with  the 
Theodolite,  Casting-out  and  Reducing  Levels  to  Datum,  and  Plotting  Secticns 
in  the  ordinary  manner ;  Setting-out  Curves  with  the  Theodolite  by  Tangential 
Angles  and  Multiples  with  Right  and  Left-hand  Readings  of  the  Instrument ; 
Setting-out  Curves  without  Theodolite  on  the  System  of  Tangential  Angles  by 
Sets  of  Tangents  and  Offsets ;  and  Earthwork  Tables  to  80  feet  d^p,  calcu- 
lated for  every  6  inches  in  depth.  By  W.  Davis  Haskoli^  CE.  With 
numerous  Woodcuts.  Fourth  Eidition,  Enlarged.  Crown  8vo,  doth  .  1 2/0 
"The  book  is  very  bandy;  the  separate  tables  of  sines  and  tancents  to  every  minute  will  maktt 
k  useAil  for  many  other  purposes,  the  genuine  traverse  tables  existing  all  the  s»m^''—j4 thtm^eumt. 

"  Every  person  engaged  in  en^^eering  field  operations  will  esttmate  the  importance  of  soch 
a  work  and  the  amount  of  valuable  tune  which  will  be  saved  by  reference  to  a  set  of  reliable  tables 
prepared  with  the  accuracy  and  fulness  of  those  given  in  this  volume."— ^ctAnsx  AVav. 

LAND    AND   MARINE   SURVEYING. 

In  Reference  to  the  Preparation  of  Plans  for  Roads  and  Railways ;  Canals, 
Rivers,  Towns'  Water  Supplies;  Docks  and  Harbours.  With  Descripdoo 
and  Use  of  Surveying  Instruments.  By  W.  Davis  Haskoll,  C.E^  SccoikI 
Edition,  Revised,  with  Additions.    Large  crown  8vo,  cloth  .        .     9/0 

"  This  book  must  prove  of  great  value  to  the  student.  We  have  no  he^tatioa  in  recom- 
mending it,  feeling  assured  that  it  will  more  than  repay  a  careful  study ."—Met^anica/  H^arU. 

"  A  most  useful  book  for  the  student.  We  strongly  recommend  it  as  a  carefuUy-writtca 
and  valuable  text-book.     It  enioys  a  well-deserved  repute  among  surveyors." — BuUdUr. 

"  This  volume  cannot  fail  to  prove  of  the  utmost  practical  utility.  It  may  be  safieiy  recom- 
mended to  all  students  who  aspire  to  become  dean  and  expert  surveyors."— JlfuviiiV'  3^t*ri€al. 

PRINCIPLES   AND    PRACTICE   OP   LEVELLING. 

Showing  its  Application  to  Purposes  of  Railway  and  Civil  Engineering  in 
the  Construction  of  Roads ;  witn  Mr.  Telford's  Rules  for  the  same.  By 
Frederick  W.  Simm.s,  F.G.S.,  M.  Inst.  CE.  Eighth  Edition,  with  the 
addition  of  Law's  Practical  Examples  for  Setting-out  Railway  Curves,  and 
Trautwinb's  Field  Practice  of  Laying-out  Circular  Curves.     With  7  Plates 

and  numerous  Woodcuts,  8vo,  cloth 8/8 

•»♦  Trautwine  on  Curves  may  be  had  separate fi/O 

"  The  text-book  on  levelling  in  m<»t  of  our  engineering  schools  and  colleges. " — Enjri$»ttr. 

"The  puldishers  have  rendered  a  substantial  service  to  the  profcs«oa,  especiaUy  to  the 
younger  members,  by  Ltringing  out  the  present  edition  of  Mr.  Simms'  useful  wcit)t.''—£ngi$»ttrint. 

AN    OUTLINE   OF   THE    METHOD   OF   CONDUCTING 
A   TRIQONOMBTRICAL   5URVBY. 

For  the  Formation  of  Gec^aphical  and  Topographical  Maps  and  Plans,  Mili- 
tary Reconnaissance,  LEVELLING,  &c.,  with  Useful  Problems,  Formulae, 
and  Tables.     By  Lieut. -General  Frome,  R.E.     Fourth  Edition,  Revised  and 
partly  Re-written  by  Maior-General  Sir  Charles  Warren,  G.C.M.G.,  R.E. 
With  19  Plates  and  1 15  Woodcuts,  royal  8vo,  cloth       ....     1 8/0 
"No  words  of  praise  from  us  can  strengthen  the  position  so  well  and  so  steadfly  maintained 
by  this  work.    Sir  Charles  Warren  has  revised  the  entire  work,  and  made  such  additions  as  were 
necessary  to  bring  every  portion  of  the  contents  up  to  the  present  datc'^—BrtadArrvw. 

TABLES  OF  TANGENTIAL  ANGLES  AND  MULTIPLES 
FOR  5BTTINO-OUT   CURVES. 

From  5  to  200  Radius.  By  A.  Beazelev,  M.  Inst.  CE.  6th  Eklitioo, 
Revised.  With  an  Appendix  on  the  use  of  the  Tables  for  Measuring  up 
Curves.    Printed  on  50  Cards,  and  sold  in  a  cloth  box,  waistcoat  pocket  size. 

[fust  FiU'lis/ud.    8/8 
"  Each  table  is  printed  on  a  card,  which,  placed  on  the  theodolite,  leaves  the  hands  free 
to  manipulate  the  instrument— no  small  advantage  as  regards  the  rapidity  of  work."— £>^^'m/«t-. 

"  Very  handy  :  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  these  cards,  which 
he  puts  into  his  own  card<ase,  and  leaves  the  rest  behind."— ^/Am^Nm. 

HANDY   GENERAL   EARTH-WORK   TABLES. 

Giving  the  Contents  in  Cubic  Yards  of  Centre  and  SIop>es  of  Cuttings  and 
Embankments  from  3  inches  to  80  feet  in  Depth  or  Height,  for  use  with  either 
66  feet  Chain  or  too  feet  Chain.  By  J.  H.  Watson  Bock,  M.  Inst.  CE. 
On  a  Sheet  mounted  in  cloth  case.  {Just  Published.    3/8 
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EARTHWORK  TABLES. 

Showing  the  Contents  in  Cubic  Yards  of  Embankments,  Cuttings,  &c.,  of 

Heights  or  Depths  up  to  an  average  of  80  feet.     By  Joseph  Broadbbnt,  C.E., 

and  Francis  Campin,  C.E.    Crown  8vo,  cloth        ...  .    5/0 

"  The  way  in  which  accuracy  is  attained,  by  a  simple  diTision  of  each  cross  section  into  three 

elements,  two  in  which  are  constant  and  one  variable,  is  ingenious."— ^/A<vf«wfw 

A   MANUAL   ON    EARTHWORK. 

By  Ai^x.  J.  S.  Graham,  C.E.  With  numerous  Diagrams.  Second  Edition. 
x8mo,  cloth 2/6 

THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS. 

A  Practical  and  Theoretical  Essay?    By  f.  H.  Watson  Buck,  M.  Inst.  C.E., 
Resident  Engineer,  L.  and  N.  W.  R.    With  Folding  Plates,  Svo,  cloth  1 2/0 
"  Many  of  the  methods  given  arc  of  extreme  practical  value  to  the  mason,  and  the  observa- 
tions on  the  form  of  arch,  the  rules  for  ordering  the  stone,  and  the  construction  of  the  templates, 
will  be  found  of  considerable  use.     We  commend  the  book  to  the  engineering  profession. "— 
BiMdirur  News. 

"  Will  be  regarded  by  civil  engineers  as  of  the  utmost  value,  and  calculated  to  save  much 
tlina  and  obviate  many  mistakes."— Co/Zi^O'  Guardian. 

CAST  &  WROUGHT   IRON   BRIDGE   CONSTRUCTION. 

(A  Complete  and  Practical  Treatise  on),  including  Iron  Foundations.  In 
Three  Parts.— Theoretical,  Practical,  and  Descriptive.  By  William  Humbbr, 
A.  M.  Inst.  C.E.,  and  M.  Inst.  M.E.  Third  Edition,  revised  and  much  im- 
proved, with  115  Double  Plates  (20  of  which  now  first  appear  in  this  edition), 
and   numerous  Additions  to  the  Text.     In  3  vols.,  imp.  4to,  half-bound  in 

morocco £6  16».  6d. 

"  A  very  valuable  contribution  to  the  standard  literature  of  civil  engineering.  In  addition  to 
elevations,  plans,  and  sections,  large  scale  details  are  given,  whkh  very  much  enhance  the 
instructive  worth  of  those  illustrations.-— CrnV  Ettginetr  and  Architect's  youmat. 

"Mr.  Humber's  stately  volumes,  lately  issued— in  which  the  most  important  bridges 
erected  during  the  last  five  years,  under  the  direction  of  the  late  Mr.  Brunei,  Sir  W.  Cubitt, 
Mr.  Hawkshaw,  Mr.  Page,  Mr.  Fowler,  Mr.  Hemans,  and  others  among  our  most  eminent 
engineers,  are  drawn  and  specified  in  great  Avxx^"— Engineer. 

ESSAY   ON    OBLIQUE    BRIDGES 

(Practical  and  Theoretical^  With  13  large  Plates.  By  the  late  George 
Watson  Buck,  M.I.C.E.  Fourth  Edition,  revised  bjr  his  Son,  J.  H.  Watson 
Buck,  M.I.C.E.  ;  and  with  the  addition  of  Description  to  Diagrams  for 
Facilitating  the  Construction  of  Oblique  Bridges,  by  W.  H.  Barlx)w,  M.I.C.E. 

Royal  Svo,  cloth 1 2/0 

"The  standard  text-book  for  all  engineers  regarding  skew  arches  is  Mr.  Buck's  treatise, 
and  it  would  be  imi>ossiblcto  consult  a  better."— iE'MjTi'M^rr. 
~ ■     ■  indard 


'  Mr.  Buck's  treatise  is  recognised  as  a  standard  tezt-book,  and  his  treatment  has  divested 
uie  suDject  of  many  of  the  intricacies  supposed  to  belong  to  it.  As  a  guide  to  the  engineer  and 
architect,  on  a  confessedly  difficult  subject,  Mr.  Buck's  work  is  unsurpassed."— ^mA/tn^'  News. 


THE   CONSTRUCTION    OF   OBLIQUE   ARCHES 

(A  Practiod  Treatise  onX  By  John  Hart.  Third  Edition,  with  Plates. 
Imperial  Svo,  cloth 8/0 

GRAPHIC   AND   ANALYTIC    STATICS. 

In  their  Practical  Application  to  the  Treatment  of  Stresses  in  Roofs,  Solid 
Girders,  Lattice,  Bowstring,  and  Suspension  Bridges,  Braced  Iron  Arches  and 
Piers,  and  other  Frameworks.  By  R.  Hudson  Graham,  C.E.  Contaming 
Dia^ams  and  Plates  to  Scale.  With  numerous  Examples,  many  taken  fh>m 
existing  Structures.  Specially  arranged  for  Class-work  in  Colleges  and 
Universities.  Second  Edition,  Revised  and  Enlarged.  Svo,  cloth  .  1 6/0 
"  Mr.  Graham's  book  will  find  a  place  wherever  graphic  and  analytic  statics  are  used  or 
studied.  "—Engineer. 

"  The  work  is  excellent  from  a  pr.ictical  point  of  view,  and  has  evidently  been  prepared 
with  much  care.  The  directions  for  working  are  simple,  and  are  illustrated  by  an  abundance  oT 
wen-selected  examples.    It  is  an  excellent  text-book  for  the  practical  draughtsman."— ^/A«f*«m. 

WEIGHTS  OF  WROUGHT  IRON  &  STEEL  GIRDERS. 

A  Graphic  Table  for  Facilitating  the  Computation  of  the  Weights  of  Wrought 
Iron  and  Steel  Girders,  &c.,  for  Parliamentary  and  other  Estimates.  By 
J.  H.  Watson  Buck,  M.  Inst.  C.E.     On  a  Sheet 2/6 
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HANDY  BOOK  FOR  THE    CALCULATION  OP  STRAINS 

In  Girders  and  Similar  Structures  and  their  Strength.  Consisting  of  Formulae 
and  Corresponding  Diagrams,  with  numerous  details  for  Practical  Applica* 
tion,  &c.  By  William  Humber,  A.  M.  Inst.  C.E.,  &c  Fifth  Edition. 
Crown  8vo,  with  nearly  too  Woodcuts  and  3  Plates,  cloth      .        .        .     7/G 

••  Tbe  formulae  are  neatly  exproeed,  and  the  dUeraras  good.''—/1tM<M^Mrm. 

"  We  heartily  commena  this  really  Mamfy  book  to  our  engineer  and  architect  readers.*^— 
F.Hglisk  Mechanic, 

TRUSSES   OF  WOOD  AND    IRON. 

Practical  Applications  of  Science  in  Determining  the  Stresses,  Breaking 
Weights,  Safe  Loads,  Scantlings,  and. Details  of  Construction.  With  Complete 
Working  Drawings.  By  William  Griffiths,  Surveyor,  Assistant  Master, 
Tranraere  School  of  Science  and  Art.    Oblong  8vo,  cloth  .        .    ^/G 

"This  handy  little  book  enters  so  minutely  into  every  detail  connected  whh  the  con- 
struction of  roof  trusses  that  no  student  need  be  ignorant  of  these  xaaxxcn.*— Practical  Enginttr. 

THE    STRAINS   ON   STRUCTURES   OF   IRONWORK. 

With  Practical  Remarks  on  Iron  Construction.  By  F.  W.  Sheilds,  M.I.CE. 
8vo,  cloth « 6/0 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS. 

With  Rules  for  Application  in  Architecture,  the  Construction  of  Suspension 
Bridges,  Railways  «c.  By  Peter  Barlou*  F.R.S.  A  new  Edition,  revised 
by  his  Sons,  P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow,  F.R.S.  ;  to  which 
are  added,  Experiments  b^  Hodgkinson,  Fairbairn,  and  Kirkaldv;  and 
Formulae  for  calculating  Gu-ders,  &c  Arranged  and  Eldited  by  Wm.  Humber, 
A.  M.  Inst.  C.E.    Demy  8vo,  400  pp.,  with  19  large  Plates  and  numerous 

Woodcuts,  doth       .        .  18/0 

"  Valuable  alike  to  the  student,  tyro,  and  the  experienced  practitioner,  it  will  alwasrs  rank 

in  future  as  it  has  hitherto  done,  as  the  standard  treatise  on  that  particular  subject."— fw^fw^w. 

"  As  a  scientific  work  of  the  first  class,  it  deserves  a  foremost  place  on  the  boofcshelTes  of 

every  civil  engineer  and  practical  mechanic." — Eh^HsH  Mechanic. 

STRENGTH   OF  CAST  IRON  AND  OTHER  METALS. 

By  Thomas  Tredcold,  C.E.  Fifth  Edition,  including  Hodgkinson's  Experi- 
mental Researches.    8vo,  cloth 1 2/0 

SAFE   RAILWAY  WORKING. 

A  Treatise  on  Railway  Accidents,  their  Cause  and  Prevention ;  with  a  De- 
scription of  Modem  Appliances  and  Systems.  By  Clkmkkt  E.  Stretton, 
C.E.,  Vice-President  and  Consulting  Engineer,  Amalgamated  Society  of 
Railway  Servants.    With  Illustrations  and  Coloured  Plates.    Third  Edition, 

Enlarged.    Crown  8vo,  cloth 3/6 

"A  book  for  the  engineer,  the  directors,  tbe  inanafirets;  and.  in  short,  aU  who  wish  for 

Information  on  railway  matters  will  find  a  perfect  encyclopedia  in  'Safe  Railway  Working.*"— 

Xaitway  RetHeiv. 

"We  commend  the  remarks  on  railway  !d]fnalling  to  all  railway  managers,  especially  where 

a  uniform  code  and  practice  is  advocated."— Here^th's  Rai/teay  ^Htttai. 


"  The  author  may  be  congratulated  on  having  cuUoctodi  m  a  very  convenient  form,  much 
valuable  information  on  the  principal  questions  aficcting  the  safe  working  of  railways."— J?a>/aMrjf 
EngiMeer. 

EXPANSION  OF  STRUCTURES  BY  HEAT. 

By  John  Keily,  C.E.,  late  of  the  Indian  Public  Works  Department.    Crown 

8vo,  cloth 3/6 

"  The  aim  the  author  has  set  before  him.  viz.,  to  show  the  effects  of  heat  upon  meullic  and 
other  structures,  is  a  laudable  one,  for  this  is  a  branch  of  physics  upon  which  the  engineer  or 
architect  can  find  but  little  reliable  and  comprehensive  data  in  books."— ^Ki'ZdSrr. 

A  TREATISE  ON   FIELD   FORTIFICATION. 

The  Attack  of  Fortresses,  Military  Mining,  and  Reconnoitring.  By  Professor 
Colonel  I.  S.  Macaolav.  Sixth  Edition,  crown  8vo,  with  separate  Atlas  of 
12  Plates,  cloth 1 2/0 
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CIVIL  ENGINEERING,  SURVEYING,  S'C.  15 


RECORD     OF     THE    PROGRESS    OF     MODERN 

BNQINEBRINQ. 

Complete  in   Four  Volumejs,  imperial  410,  half-morocco,  price  £12  12s. 

Each  volume  sold  separately,  as  follows  :— 
First  Series,  Comprising  Civil,  Mechanical,  Marine,  Hydraulic,  Railway, 
Bridffc,  and  other  Engmeering  Works,  &c.  By  William  Humber, 
A.  M.  Inst.  C.E.,&c.  Imp.  4to,  with  36  Double  Plates,  drawn  to  a  large  scale. 
Photographic  Portrait  of  John  Hawlcshaw,  C.E.,  F.R.S.,  &c,  and  copious 
descriptive  Letterpress,  Specifications,  &c.    Half-morocco      .        .    £3  3». 

List  of  the  Plates  and  Diagrams. 

Victoria  Station  and   Roof,  1^  B.  &  S.  C.  R.  <8  platesi  ;  Southport  Pihr 

<a  PLATP-SI  ;  VICTORIA  STATION  AND  ROOF,  I^  C.  &  D.  AND  G.  W.  R.  (6  PLATES) ;  RoOF 
OF  CREMORNE  MUSIC  HALL:  BRIDGE  OVER  G.  N.  RAILWAY;  ROOF  OF  STATION, 
DUTCH    RHENISH    RAIL.    (3    PLATES);     BRIDGE    OVER    THE    THAMES,    WEST    LONDON 

EXTENSION  Railway  (5  plates};  armour  Platf-S:  Suspension  Bridge.  Thames 

<4  PLATESJ;  THE  ALLEN  ENGINE;  SUSPENSION  BRIDGE,  AVON  (3  PLATES);  UNDER- 
GROUND Railway  (3  platesi. 

HUMBERTS  PROGRESS  OF  MODERN  ENQINEERINQ. 

Second  Series.  Imp.  4to,  with  3  Double  Plates,  Photographic  Portrait  of 
Robert  Stephenson,  C.E.,  M.P.,  F.R.S.,  &c.,  and  copious  descriptive  Letter- 
press, Specifications,  &c    Half-morocco £3  3«. 

List  of  the  Plates  and  Diagrams. 

birkenhead  docks.  low  water  basin  (15  plates);  charing  cross  station 
ROOF,  C.  C.  Railway  n  plates);  Digswell  Viaducp,  Great  Northern  Railway; 
Robbery  Wood  Viaduct,  Great  Northern  Railway;  Iron  Permanent  Way; 
CLYDACH  Viaduct.  Merthyr.  Tredegar,  and  Abergavenny  Railway  ;  Ebbw 
Viaduct.  Merthyr,  Tredegar,  and  Abergavenny  Railway;  College  Wood 
Viaduct,  Cornwall  Railway;  Dublin  winter  Palace  Roof  (3  plates);  Bridge 
OVER  THE  Thames,  L.  C.  &  D.  Railway  (6  plates);  Albert  Harbour,  Greenock 

<4  PLATES). 

HUMBER'5  PROGRESS  OF  MODERN  ENGINEERING. 

Third  Series.  Imp.  4to,  with  ao  Double  Plates,  Photo^phic  Portrait  oi 
J.  R.  M 'Clean,  late  Pres.  Inst.  C.E.,  and  copious  descriptive  Letterpress, 

Specifications,  &c.     Half-morocco £3  3«. 

List  of  the  Plates  and  Diagrams. 

Main  Drainage,  Metropolis.— A^or/A  Side.— Map  showing  Interception  of 
SEWERS ;  Middle  Level  Sewer  (a  plates);  outfall  Sewer,  Bridge  over  River 
Lea  (3  plates)  ;  outfall  Sewer,  Bridge  over  Marsh  Lane,  North  Woolwich 
Railway,  and  Bow  and  Barking  Railway  Junction;  Outfall  Sewer.  Bridge  over 
Bow  and  Barking  Railway  (3  plates)  ;  Outfall  Sewer.  Bridge  over  East  London 
Water-works'  Feeder  (a  plates)  ;  outfall  Sewer  Reservoir  (a  plates)  ;  outfall 
Sewer,  Tumbling  Bay  and  outlet;  outfall  Sewer.  Penstocks.  SontA  Side.— 
Outfall  Sewer.  Bermondsey  Branch  (a  plates)  ;  Oitfall  sewer.  Reservoir  and 

OlTTLRT  (4  PLATES) ;  OUTFALL  SEWER,  FILTH  HOIST  ;  SECTIONS  OF  SEWERS  (NORTH  AND 

South  Sides). 

THAMES  Embankment.— SECTION  of  River  Wall;  Steamboat  Pier,  West- 
minster (a  plates);    LANDING   STAIRS   BETWEEN    CHARING    CROSS    AND    WATERLOO 

Bridges  ;  York  Gate  (a  plates)  :  Overflow  and  Outlet  at  Savoy  Street  Sewer 
fa  Pi-ATEs);  Steamboat  Pier,  Waterloo  bridge  (3  plates);  J  unction  of  Sewers, 
Plans  and  Sectio.ns;  Cullies,  Plans  and  Sections;  Rolling  Stock ;  granite 
AND  Iron  forts. 

HUMBER'S  PROGRESS  OF  MODERN  ENGINEERING. 

Fourth  Series.  Imp.  4to,  with  36  Double  Plates,  Photographic  Portrait  of 
John  Fowler,  late  Pres,  Inst.  C.E.,  and  copious  descriptive  Letterpress,  Speci- 
fications, &c    Half-morocco £3  3«. 

List  of  the  Plates  and  Diagrams. 

Abbey  Mills  Pumping  Station,  Main  Drainage,  Metropolis  (4  plates); 
Barrow  Docks  (5  plates);  Manquis  Viaduct,  Santiago  A^b  Valparaiso  Railway, 

(a  PLATES);  ADAM'S  LOCOMOTIVE.  ST.  HELENS  CANAL  RAILWAY  (a  PLATES);  CANNON 
STREET   STATION    ROOF,   CHARING   CROSS   RAILWAY   (3   PLATES);  ROAD   BRIDGE   OVER 

THE  River  Moka  (a  plates);  telegraphic  Apparatus  for  Mesopotamia  ;  Viaduct 
OVER  THE  River  Wye,  Midland  Railway  (3  plates);  St.  Germans  Viaduct. 
Cornwall  Railway  (a  pu^tes);  wrought-Iron  cylinder  for  Diving  Bell; 
Millwall  Docks  (6  plates);  Milrovs  Patent  excavator;  metropolitan  Dis- 
trict Railway  (6  plates)  ;  harbours.  Ports,  and  Breakwaters  (3  plates). 
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i6         CROSBY  LOCKWOOD   6-  SON'S  CATALOGUE, 
THE    POPULAR   WORKS   OF    MICHAEL    REYNOLDS. 


LOCOMOTIVE  ENGINE  DRIVING. 

A  Practical  Manual  for  Engineers  in  Charge  of  Locomotive  Engines.  By 
Michael  Reynolds,  Member  of  the  Society  of  Engineers,  formerlv  Loco- 
motive Inspector,  L.  B.  &  S.  C.  R.  Ninth  Edition.  Including  a  Key  to 
THE   LocoMOTivK   Encinb.    With    Illustrations   and    Portrait   of  Autb<»-. 

Crown  8vo,  cloth 4/0 

"  Mr.  RevnolcU  has  supplied  a  want,  and  has  sappBed  it  weH.    We  can  confidently  recom- 

■Mnd  tlie  book  nut  only  to  the  practical  driver,  but  to  eTeryooe  wtto  takes  an  interest  in  the 

performance  of  locomotive  en^jincs."— 7"*/  En^netr. 

"  Mr.  Reynolds  has  opened  a  new  chapter  in  the  literature  of  the  day.     This  admirable 

practical  treatise,  of  the  practical  utility  of  wbicn  wc  have  to  speak  in  terms  of  warm  commendttioa.'' 

"  Endcntly  the  work  of  one  who  knows  his  subject  thoroughly.**— ^«£Awry  Service  GmseOe. 
"  Were  the  cautions  and  rules  flfivcn  in  the  book  to  become  part  of  the  every-day  worldly 
of  our  enipne-driven.  we  might  have  fewer  distressing  accidents  to  deplore. "—^^ilrmtfM. 

STATIONARY  ENGINE  DRIVING. 

A  Practical  Manual  for  Engineers  in  Charge  of  Stationary  Engines.  By 
Michael  Reynolds.     Fifth  Edition,  Enlarged.    With  Plates  and  Woodctits. 

Crown  8vo,  cloth 476 

-  "  The  author  is  thoroughly  acquainted  with  his  subjects,  and  his  advice  on  the  various  points 
treated  is  clear  and  practicaL    ...    He  has  produced  a  manual  which  is  an  exceedingly  useful 


ooe  for  the  class  for  wiiom  it  is  specially  Intended."— ^^wWw^ifrMt^r. 

"  Our  author  leaves  no  stone  unturned.  He  is  determined  that  his  readers  dull  not  only 
know  something  about  the  stationary  engine,  but  all  about  it."— Eni^ituer. 

"An  cngincman  who  has  mastered  the  contents  of  Mr.  Reynolds's  book  wiO  require  but 
tittle  actual  experience  with  boilers  and  engines  before  he  can  be  trusted  to  look  after  them." — 
EngiUh  Mechanic. 

THE  MODEL  LOCOMOTIVE  ENGINEER, 

Fireman,  and  Engine^Boy     Comprising  a  Historical  Notice  of  the  Pioneer 

Locomotive  Engines  and  their  Inventors.     By  Michael  Reynolds.    Second 

Edition,  with  Revised  Appendfx.    With  numerotis  Illustrations,  and  Portrait 

of  George  Stephenson.    Crown  8vo,  cloth.  iy««'  Published.    4/6 

••  From  the  technical  knowledge  of  the  author,  it  will  appeal  to  the  railway  man  of  to-day 

note  forcibly  than  >inything  written  by  Dr.  Smiles.    .    .    .    The  volume  contains  mformation  of  a 

technical  kind,  and  (acts  that  every  driver  should  be  familiar  with."— £>tf /t«A  MecM*tiic 

"  Wc  should  be  glad  to  see  this  book  in  the  possession  of  everyone  in  the  kingdom  wt»o  has 
ever  laid,  or  is  to  lay,  hands  on  a  locomotive  engine."— /rwi. 

CONTINUOUS  RAILWAY  BRAKES. 

A  Practical  Treatise  on  the  several  Systems  in  Use  in  the  United  Kingdom : 
their  Construction  and  Perfonnance.  with  copious  Illustrations  and  numerous 
Tables.     By  Michael  Reynolj>s.     Large  crown  8vo,  cloth  .        .        .    9/0 


"  A  popular  explanation  of  the  dilfereni  tmikes.    It  will  be  of  great  assistance  in  forming 

Siblic  opinion,  and '     "■•■••        -- .     ..  ...         .  .        ............ 

'ecManic. 


lublic  opinion,  and  will  be  studied  with  benefit  by  those  who  take  an  interest  in  the  hnkc^—EnifiiJuk 


"  Written  with  sufficient  technical  detail  to  enaMe  the  principal  and  relative  connectiMi  of  the 
various  parts  of  each  particular  brake  to  be  readily  gnxpcd.  —MtcMafiictxJ  U  orUt. 

ENGINE-DRIVING  LIFE. 

Stirring  Adventures  and    Incidents   in  the    Lives   of   Locomotive    Engine- 

Drivers.     By  Michael  Reynolds.    Third  Exlition.    Crown  8vo,  cloth  .  1/6 

"  From  fir«t  to  last  perfectl)r  fascinating.     Wilkie  Collins's  most  thrilling  conceptions  are 

thrown  into  the  sliade  liy  true  incidents,  endless  in  their  variety,  related  in  every  page."— A'iwT* 

BriHsh  Afaii. 

"Anyone  who  wlslies  to  get  a  real  insight  into  railway  Hfe  cannot  do  better  than  read 
'  Engine -Driving  Life '  for  himselL  and  if  he  once  takes  it  up  he  will  find  that  the  author's  enthu> 
siasm  and  real  love  of  the  engincnl riving  profession  will  carry  him  on  until  he  has  read  every  page." 
—Saturday  Review. 

THE  ENGINEMAN'S  POCKET  COMPANION, 

And  Practical  Educator  for  Enginemen,  Boiler  Attendants,  and  Mechanics. 

By  Michael  Reynolds.    With  45  Illtistrations  and  numerotis  Diagrams. 

Third  Edition,  Revised.     Royal  i8mo,  strongly  bound  for  pocket  wear    3/6 

"  This  admimble  work  is  well  suited  to  accomplish  its  object,  being  the  honest  workmanship 

of  a  competent  cnginttr." — G!asc<rtf  Herald. 

"  A  most  meritorious  work,  giving  in  a  succinct  and  practical  form  all  the  information  an 
ewin^minder  desirous  of  mastering  the  scientific  principles  of  his  daily  calling  would  require."— 

"  A  boon  to  those  who  are  striving  to  become  efficient  mechanics.''— At//}'  Ckr^itiele. 
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MARINE  ENGINEERING,  NAVIGATION,  S-c.  17 

MARINE  ENGINEERING,  SHIPBUILDING, 
NAVIGATION,  &c. 


THE     NAVAL     ARCHITECT'S     AND     SHIPBUILDER'S 

POCKET- BOOK  of  FormuUe,  Rules,  and  Tables,  and  Marine  Engineer's  and 
Surveyor's  Handy  Book  of  Reference.  By  Clement  Mackrow,  M.I.N. A. 
Sixth  Edition,  Revised,  700  pp.,  with  300  Illustrations.    Fcap.,  leather.  12/8 

SUMMARY  OF  CONTRNTS:— SIGNS  AND  SYMBOLS,  DFXIMAL  FRACTIONS.— TRIGONO- 
METRY.—PRACTICAL  Geometry.— MENSURATION.— Centres  AND  Moments  of  Figures. 

—MOMENTS  of   INERTIA    AND   RADII    OF  CVRAIION.— ALGEBRAICAL    EXPRF_SSIONS    FOR 

Simpson's  Rules,— Mechanical  principles.— Centre  of  gravity.— Laws  of  Motion. 
—Displacement,  centre  of  Buoyancv.— Cpj^i re  of  Gravity  of  Ships  Huli..- 
Stability  Curves  and  metacentres.— sea  and  shallow-wathr  waves.— Rolling 
of  Ships.— Propulsion  and  Resistance  of  Vessels.— spkro  Trials.— Sailing, 
Centre  of  Effort.  — Distances  down  Rivers.  Coast  Lines.— Steering  and 
Rudders  of  Vessels.— Launching  Calculations  and  Velocities,— Weight  of 
Material  and  gear.— gun  Particulars  and  weight.— .Standard  Gauges.— 
RivETBD  Joints  and  Riveting.— Strength  and  Tests  of  Materials.— Binding 
and  Shearing  Stresses,  &c.— Strength  of  shafting.  Pillars,  wheels,  &c. 
—Hydraulic  Data,  &c.  — Conic  sections.  Catenarian  curves.  —  Mechanical 
Powers.  Work.— Board  of  Trade  Re(;ulations  for  Boilers  and  Engines.— Board 
OP  Trade  Regulations  for  Ships.— Lloyd's  Rlles  for  Boilers.— Lloyds  weight 
of  Chains.— Lloyd's  scantlings  for  Ships.— Data  of  Engines  and  Vessels.— 
Ships'  Fittings  and  Tests.— Seasoning  Preserving  Timeek.— measurement  of 
Timber.— Alloys,  Paints.  Varnishes.— Data  for  .si owa(.e.— Admiralty  Tra.ns- 
port  Regulations.  — Rules  for  Horsepower.  Screw  Propellers,  Arc- Per- 
centages FOR  Butt  Straps.  &c.— Particulars  of  Yachts.— Masting  and  Rigging 
Vessels.- Distances  of  -Foreign  Ports.  — Tonnage  Tahles.— Vocahi'lary  of 
French  and  English  Terms.  —  English  weights  and  Measures.  —  Foreign 
weights  and  Measures.— Decimal  EyuivALENi^.— Foreign  Money.— Discount 
and  Wages  Tables.— useful  Numehrs  and  Ready  Reckoners.— Tables  of 
Circular  Measures.— Tables  of  areas  of  and  circumferences  of  Circles,— 
Tables  of  Areas  of  Segments  of  Circles.— Tables  of  sqi'ares  and  Cubes  and 
Roots  of  Numbers.— Tables  of  Logarithms  of  Numbers.— Tables  of  Hyper- 
bolic LocARiTH. MS.— Tables  of  Natural  sines,  Tangents,  &c.— Tables  of 
Logarithmic  sines,  tangents,  &c. 

"  In  these  days  of  advanced  knowledi{;e  a  work  like  this  is  of  the  greatest  value.  It  contains 
a  vast  amount  of  inlormation.  We  unhesitatingly  say  that  it  is  the  most  valuable  compilation  for  its 
specific  purpose  that  has  ever  been  printed.  No  luival  architect,  engineer,  surveyor,  or  seaman, 
wood  or  iron  shipbuilder,  can  afford  to  be  without  this  work."— A^awAVa/  Magasittf. 

"  Should  be  used  by  all  who  are  engaged  in  the  construction  or  design  of  vessels.  .  .  .  Will 
be  found  to  contain  the  most  useful  tables  and  formulae  required  by  shipbuilders,  carefully  collected 
from  the  best  authorities,  and  put  together  in  a  popular  and  simple  form.  The  book  Is  one  of 
exceptional  merit." — F.nginetr. 

"  The  professional  shipbuilder  has  now,  in  a  convenient  and  accessible  fonn,  reliable  data  for 
sdviiig  many  of  the  numerous  problems  that  present  themselves  in  the  course  of  his  work."— /r<»»r. 

"There  is  no  doubt  that  a  pocket-book  of  this*de:icription  must  be  a  necessity  in  the  ship- 
buUding  trade.  .  .  .  The  volume  contains  a  mass  of  xisCful  information  clearly  expressed  and 
presented  in  a  handy  forta."— Marine  Jin/ginter. 

MARINE  ENGINES  AND  STEAM  VESSELS. 

A  Treatise  on.  By  Robert  Murray,  C.E.  Eighth  Edition,  thoroughly 
Revised,  with  considerable  Additions  by  the  Author  and  by  Georgk 
Carlislb,   C.E.,   Senior    Surveyor    to  the    Board  of  Trade  at    Liverpool. 

lamo,  cloth A-IS 

"  Well  adapted  to  give  the  young  steamship  engineer  or  marine  engine  and  boiler  maker  a 
general  introduction  into  his  practical  work."— AffcAam'ca/  H^orld. 

"  We  feel  sure  that  this  thoroughly  revised  edition  will  continue  to  be  as  popuLir  in  the  future 
as  it  has  been  in  the  post,  as,  for  its  sixe,  it  contains  more  useful  information  than  any  similar 
treatise.  "—Industries. 

"  The  information  given  is  both  sound  and  sensible,  and  well  qualified  to  direct  young  sea* 
going  hands  on  the  straight  road  to  the  extra  chief's  certificate.  .  .  .  Most  useftil  to  surveyors, 
inspectors,  draughtsmen,  and  all  young  engineers  who  take  an  interest  in  their  profession."— 
Oias/^cm/  Herald. 

SEA  TERMS,   PHRASES,   AND  WORDS 

^Technical  Dictionary  of)  u.scd  in  the  English  and  French  Languages 
(English- French,  French-English).  For  the  Use  of  Seamen,  Engineers,  Pilots, 
Shipbuilders,  ShipoMmers,  and  Ship-brokers.  Compiled  by  W.  Pirrie,  late  of 
the  African  Steamship  Company.  Fcap.  8vo,  cloth  limp.  [Just  Published.  5/O 
••  This  volume  will  be  highly  appreciated  by  seamen,  engineers,  pilots,  shipbuilders  and  ship- 
owners.   It  will  be  found  wonucifully  accurate  and  complete.'  — ScofstnaH. 

"  A  very  useful  dictionary,  which  has  long  been  wanted  by  French  and  English  enirineers, 
masters,  officers  and  others. ">-SAi//t>v  H^'^r/a, 
L.  B 
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CROSBY  LOCK  WOOD  &*  SOff'S  CATALOGUE. 


ELECTRIC  5HIP  LIQHTINQ. 

A  Handbook  on  the  Practical  Fitting  and  Runningof  Shi^'  Electrical  Plant, 
for  the  Use  of  Shipowners  and  Builder^  Marine  Electriaans  and  Sea-going 
Engineers  in  Charge.     By  I.  W.  Urquhart,  Author  of  *'  Electric  Light, 
no  Construction,'   «c     With  numerous  Illustrations.     CroMm  8vo, 
7/6 


"  Dynamo 
cloth    . 


MARINE  ENGINEERS'  POCKET-BOOK. 

Consisting  of  useful  Tables  and  Formulae.     By  Frank  Procfor,  A.I.N.A. 

Third  Edition.    Royal  3amo,  leather,  gilt  edges,  with  strap    .        .        .    4/0 
"  We  recommend  it  lo  our  readers  as  going  far  to  supply  a  ]ong-f<^  waxtt.''—Af'avcti  Science. 
"  A  most  us0fbl  companion  to  all  marine  engineers."— £/nt/r«/  Servict  GaxttU. 

ELEMENTARY  ENQINEERINQ. 

A  Manual  for  Yotmg  Marine  Engineers  and  Apprentices.  In  the  Form  of 
Questions  and  Answers  on  Metals,  Alloys,  Sirengtn  of  Materials,  Construction 
and  Management  of  Marine  Engines  and  Boilers,  Geometry,  &c.,  &c.  With 
an  Appendix  of  Useful  Tables.  By  John  Sherren  Brewer,  Government 
Marine  Surveyor,  Hong  Kong.     Third  Edition,  small  crown  8vo,  cloth       1  /© 

"  Contains  much  valuable  informaticn  for  the  class  for  whom  it  is  intended,  especially  In  the 
chapters  on  the  management  of  boilers  and  engines."— .Vfl«ft«/  Maxatine. 

"  A  useful  introduction  to  the  more  elaborate  text-books."— 5r*/jwia«. 

"  To  a  student  who  has  the  requisite  desire  and  resolve  to  attain  a  thorough  knowlet^ 
Mr.  Brewer  offers  decidedly  useful  help."— ^/A<'n*««. 

PRACTICAL  NAVIGATION. 

Consisting  of  The  Sailor's  Sea-Book,  by  James  Greenwood  and  W.  H. 
Rosser  ;  together  with  the  requisite  Mathematical  and  Nautical  Tables  for 
the  Working  of  the  Problems  by  Henry  Law.  CE.,  and  Professor  J.  K- 
YouNC.     Illustrated.     lamo,  strongly  half«bound 7/0 

MARINE  ENGINEER'S  DRAWING-BOOK. 

Adapted  to  the  Retjuirements  of  the  Board  of  Trade  Examinations.  By  John 
Lock  IB,  CE.    With  23  Plates,  Drawn  to  Scale.     Royal  8vo,  cloth       .    3/6 

•'  The  student  who  Icams  from  these  drawing  will  have  nothing  to  Mx^am."— Engineer. 

"  The  examples  chosen  are  essentially  practical,  and  are  such  as  should  prove  of  service  to 
•ngineers  generally,  while  admirably  fulfilling  their  specific  purpose."— .1/#cAaw«as/  tVerU, 

THE  ART  AND  SCIENCE  OF  5AILMAKING. 

Bv  Samuel  B.  Sadler,  Practical  Sailmaker,  late  in  the  employment  of 
^lessrs.  Ratsey  and  Lapthome,  of  Cowes  and  Gc«port.     With   Plates  and 

other  Illustrations.    Small  4to,  cloth 12/6 

"  This  extremely  practical  work  gives  a  complete  education  in  all  the  branches  of  the  nunu. 
facture.  cutting  out.  roping,  seaming,  and  goring.  It  is  cc^kmsly  illustrated,  and  will  form  a  first- 
rate  text-book  and  guide.'  — Ports numth  Tt'mes. 

"The  author  of  this  work  has  rendered  a  distinct  service  to  all  interested  in  the  art  of 
saihnaking.  The  subject  of  which  he  treats  is  a  congenial  one.  Mr.  Sadler  is  a  practical  sailmaker, 
and  has  devoted  years  of  careful  observation  and  study  to  the  subject ;  and  the  results  of  the 
experience  thus  gained  he  has  set  forth  in  the  volume  before  m,"—SieapnsAi/. 

CHAIN  CABLES  AND  CHAINS. 


Cables  and  Chains,  Historical  Notes,  Acts  of  Parliament,  Statutory  Tests, 
Charges  for  Testing,  List  of  Manufacturers  of  Cables.  &c,  &c  By 
Thomas  W.  TRAIL^  F.E.R.N.,  M.Inst.C.E.,  Engineer-Surveyor-in-Chief, 
Board  of  Trade,  In.spector  of  Chain  Cable  and  Anchor  Proving  Establishments, 
and  General  Supermtendcnt  Lloyd's  Committee  on  Proving  Establishments. 
With  numerous  Tables,  Illustrations,  and  Lithographic  Drawines.      Folio. 

cloth,  bevelled  boards T       .        .        .    ^2  2iu 

.  con.«Jl.*^-«S*!!?!„V*?  amount  of  valuable  infonnation.    Nothing  seems  to  be  wanting  to  make  it 
a  complete  and  standard  work  of  reference  on  the  subject."— .Vrtwrti-a/  MagoMine, 


Digitized  by  VjOOQ  IC 


MINING  AND  METALLURGY.  ig 

MINING  AND  METALLURGY. 


COLLIERY  WORKING  AND  MANAGEMENT. 

Comprmng  the  Duties  of  a  Colliery  Manager,  the  Overnight  and  Arrange- 

ment  of  Labour  and   Wages,  and  the  diflferent  Systems  of  Working  Coal 

Seuns.      By  H.    F.    Bulman  and   R.  A.  S.   Redmayne.      3W  pp.,  with 

28    Plates   and   other    Illustrations,    including    Underground    Photographs. 

Medium  Svo,  cloth.  [Just  Published.    1 5/0 

"  This  is,  indeed,  an  admirable  Handbook  for  CoUierv  Managers,  in  fact  it  is  an  indispensable 

adjunct  to  a  Colliery  Manager's  education,  as  well  as  bong  a  most  useful  and  interesting  work 

on  tbe  subject  for  all  who  in  any  way  have  to  do  with  coal  mining.    The  underground  photographs 

are  an  attractive  feature  of  the  work,  being  very  lifelike  and  necessarily  true  representations  of  tbe 

scenes  they  depict." — Colli<ry  Guardian. 

"  Mr.  Bulman  and  Mr.  Redmayne,  who  are  both  experienced  Colliery  Managers  of  great 
literary  ability,  are  to  be  congratulated  on  having  supplied  an  authoritative  work  dealing  with  a  side 
of  the  subject  of  coal  mining  which  has  hitherto  received  but  scant  treatment.  The  authors 
elucidate  their  text  by  110  woodcuts  and  aS  plates,  most  of  the  latter  being  admirable  reproductions 
of  pbotoirraphs  Ukcn  underground  with  the  aid  of  the  magnesium  flash-light.  These  iUustrations 
are  excellent."'— A'a/wnf. 

INFLAMMABLE  GAS  AND  VAPOUR  IN  THE  AIR 

(The  Detection  and  Measurement  of).  By  Frank  Clowes,  D.Sc,  Lond., 
F.I.C.,  Prof,  of  Chemistry  in  the  University  College,  Nottingham.  With  a 
Chapter  on  The  Detection  and  Measurement  of  Petroi.ei;m  Vapour 
by  Boverton  Redwood,  F.R.S.E.,  Consulting  Adviser  to  the  Corporation 
of  London  under  the  Petroleum  Acts.     Crown   Svo,  cloth. 

[Just  Published.    NeL   5/0 

"Professor  Clowes  has  given  us  a  volume  on  a  subject  of  much  industrial  importance    .     .     . 

Those  interested  in  these  matters  may  be  recommended  to  study  this  book,  which  is  easy  of  compre- 


hension and  conuins  many  good  things."— 7"**  Hn£ineer. 

"  A  convenient  summary  of  the  work  on  which  Professor  Clowes  has  been  engaged  J 
considerable  time.    .    .    .    It  is  hardly  necessary  to  say  that  any  work  on  these  subjects  with  these 


"  A  convenient  summary  of  the  work  on  which  Professor  Clowes  has  been  < 
iderable  lime.    ...     It  is  hardly  necessary  to  say  that  any  worlr         ^ 

cs  on  the  title-page  must  be  a  valuable  one.  and  one  that  no  niuiini 

miner— can  afford  to  ignore  or  to  leave  unrc&A.— Mining  youmal. 


names  on  the  title-page  must  be  a  valuable  one.  and  one  that  no  mining  engineer— certainly  no  coal 
"    d  toignc ■  '        ' ~ 


MACHINERY  FOR  METALLIFEROUS  MINE5. 

A  Practical  Treatise  for  Mining  En^neers,  Metallurgists,  and  Managers  of 

Mines.     By  E.  Henry  Davies,  M.E.,  F.G.S.    Crown  8vo.  580  pp.,  with 

upwards  of  300  Illustrations,  cloth.  {Just  Published.    1 2/6 

"  Mr.  Davies,  in  this  handsome  volume,  has  done  the  advanced  student  and  the  manager  of 

mines  good  service.    Almost  cver>'  kind  of  machinery  in  actual  use  b  carefully  described,  and  the 

woodcuts  and  plates  are  good."— w/A^M^i/m. 

"  From  cover  to  cover  the  work  exhibits  all  the  same  characteristics  which  excite  the  confi* 
dence  and  attract  the  attention  of  the  student  as  he  peruses  the  first  page.  The  work  may  safely 
be  recommended.  Bv  its  publication  the  literature  connected  with  tbe  industry  will  be  enriched 
and  tbe  reputation  of  its  author  enhanced."- .Vi'mim^  yournaL 

METALLIFEROUS  MINERALS  AND  MINING. 

By  D.  C.  Davies.  F.G.S.,  Mining  Engineer,  &c.,  Author  of  "A  Treatise  on 
Slate  and  Slate  Quarrying."  Fifth  Edition,  thoroughly  Revised  and  much 
Enlarged  by  his  Son,  E.  Henry  Davies,  M.E.,  F.G.S.  With  about  150 
lUtistrations.    Crown  Svo,  cloth 1 2/6 


Neither  the  practical  miner  nor  the  general  reader,  interested  in  mines,  can  have  a  better 

T  bis  companion  and  hb  guide."— J/VwiM^f  youmaJ. 

We  are  doing  our  readers  a  service  in  calling  their  attetltion  to  this  valuable  work."— 


Mining  JForld. 

'~  As  a  history  of  the  present  state  of  mining  throughout  the  world  this  book  has  a  real  value, 
and  it  supplies  on  actual  ■mja%t."—Ath<nteHtn. 

EARTHY  AND  OTHER  MINERALS  AND  MINING. 

By  D.  C.  Davies,  F.G.S.,  Author  of  "  Metalliferous  Minerals,"  &c.    Third 

Edition,  Revised  and  EnUrged  by  his  Son,  E.  Henry  Davies,  M.E.,  F.G.S. 

With  about  100  Illustrations.    Crown  Svo,  cloth  .        .        4        .        .    12/8 

"  We  do  not  remember  to  have  met  with  any  Hngli&h  work  on  mluiof  matters  that  contains 

the  same  amount  of  information  packed  in  equally  convenient  forta."— A caaemy. 

"  We  should  be  inclined  to  rank  it  as  among  the  verv  best  of  the  handy  technical  and  trades 
manuals  which  have  recently  appeared. "—^n/^A  Quarter^  Jievintn 
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BRITISH  MINING. 

A  Treatise  on  the  History,  Discovery,  Practical  Development,  and  Future 

Prospects  of  Metalliferous    Mines  in  the  United  Kingaom.      By  Robbki' 

Hunt,  F.R.S.,  late  Keeper  of  Mining  Records.    Upwards  of  050  pp.,  with 

330  Illustrations.   Second  Edition,  Revised.    Super-royal  8vo,  doth   £2  2«« 

"  The  book  is  a  treasure-house  of  sUttstical  faifonnation  on  minhur  subjects,  and  we  know  of 

no  other  work  embodying  so  great  a  mass  of  matter  of  this  kind.    Were  this  the  only  merit  of 

Mr.  Hunt's  volume  it  would  be  sufficient  to  render  it  indispensable  in  the  Mbrarv  of  every  one 

interested  in  the  development  of  the  mining  and   metallurgical  Industries   of  this  country."— 

"  A  mass  of  Information  not  dsewhere  available,  and  of  the  greatest  value  to  those  who  may 
be  interested  in  our  great  mineral  industries."— £»fjrrfi«<*r. 

MINE  DRAINAGE. 

A  Complete  and  Practical  Treatise  on  Direct-Acting  Underground  Steam 
Pumping  Machinery,  with  a  Description  of  a  large  number  of  the  best  known 
Engines,  their  Gen«^  Utility  and  the  Special  Sphere  of  their  Action,  the 
M(Me  of  their  Application,  and  their  merits  compared  with  other  forms  of 
Pumping  Machinery.  By  Stephen  Micheli^  8vo,  cloth  .  .  15/0 
r  owners  and  lessees,  mining  engineers,  and  students 
i  best  means  of  securing  the  drainage  oi  mines, 
le  In  the  literature  of  steam  pumping  machinery." 
—C«//ifry  Guardian. 

"  Much  valuable  information  is  given,  so  that  the  book  is  thoroughly  worthy  of  an  esten^ve 
circulation  amongst  practical  men  and  purchasers  of  machinery."— Afi«/iv  ^^ntai. 


"  Will  Iw  hifj^hly  esteemed  by  coUierv  owners  s 
generally  who  require  to  be  acquainted  with  the  best 
It  is  a  most  valuable  work,  and  stands  almost  alone  in  t 


THE  PROSPECTOR'S  HANDBOOK. 

A  Guide  for  the  Prospector  and  Traveller  in  search  of  Metal-Bearine  or  other 
Valuable  Minerals.  By  T.  W.  Anderson,  M.A-  (Camb.X  F.R.G.S.^  Author 
of  "Fiji  and  New  Caledonia."  Seventh  Edition,  thoroughly  Revised  and 
much  Enlarged.  Small  crown  8vo,  cloth,  3/6  ;  <">  leather,  pocket-book  form, 
with  tuck.  [Just  PubHsked.    4/6. 

'•  Will  supply  a  nmch'felt  want,  especially  among  Colonists,  in  whose  way  are  so  often  thrown 
many  mineralogical  specimens  the  value  of  which  it  is  difficult  to  determine."— £M;f»M«rr. 

"  How  to  find  commercial  minerals,  and  how  to  identify  them  when  thev  are  found,  are  the 
leading  points  to  which  attention  is  directed.  The  author  has  manaired  to  pack  as  much  practical 
detail  into  his  pages  as  would  supply  material  for  a  book  three  times  Its  sixe.  — JfMi<«v  yvumal. 

NOTES  AND  FORMULiC  FOR  MINING  STUDENTS. 

By  ToHN  Herman  Merival^,  M.A.,  Late  Professor  of  Mining  in  the  Durham 
College  of  Science,  Newcastle-upon-Tyne.  Fourth  Edition,  Revised  and 
Enlarged.     By  H.  F.  Bulman,  A.M.lnst.C.E.    Small  crown  8vo,  cloth. 

\  Just  Published.    2/6 

"  The  author  has  done  bis  work  in  a  creditable  manner,  and  has  produced  a  book  that  will 

be  of  service  to  students  and  those  who  are  practically  engaged  in  ^linlI^c  operations."-  Engineer 

THE  MINER'S  HANDBOOK. 

A  Handy  Book  of  Reference  on  the  subjects  of  Mineral  Deposits,  Mining 
Operations,  Ore  Dressing,  &c.  For  the  Use  of  Students  and  others  mterested 
in  Mining  Matters.  By  John  Milne,  F.R.S.,  Professor  of  Mining  in  the 
Imperial  University  of  Japan.  Revised  Edition.  Fcap.  8vo,  leather  .  7/6 
"  Professor  Milne's  handbook  is  sure  to  be  received  with  favour  by  all  connected  with 
iiiiug,  and  will  bo  extremely  popular  among  students."— ^^lAm^rMM. 

POCKET-BOOK  for  MINERS  and  METALLURGISTS. 

Comprising  Rules,  Formulae,  Tables,  and  Notes  for  Use  in  Field  and  Office 
Work.     By  F.  Dan  vers  Power,  F.G.S.,  M.E.     Fcap.  8vo,  leather    ,    9/0 
"  This  excellent  book  is  an  admirable  example  of  its  kind,  and  ought  to  find  a  large  sale 
amongst  English-speaking  prospectors  and  mining  engineers."— f«v^6M«r»fV'> 

MINERAL  SURVEYOR  and  VALUER'S  GUIDE. 

Comprising  a  Treatise  on  Improved  Mining  Surveying  and  the  Valuation  of 
Mining  Properties,  with  New  Traverse  Tables.  By  Wm.  Lintern.  Fourth 
Kdiiion,  Enlarged,    xamo,  cloth 3/6 
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MINING  AND  METALLURGY, 


THE  COLLIERY  MANAQER'5  HANDBOOK. 

A  Comprehensive  Treatise  on  the  Layin£-out  and  Working  of  Collieries, 
Desijsnra  as  a  Book  of  Reference  for  Colliery  Managers,  and  for  u»e  Use  of  Coal 
Mining  Students  preparing  for  First-class  Certificates.  By  Cal^b  Pamrly, 
Mining  Engineer  ana  Surveyor;  Member  of  the  North  of  England  Institute  of 
Mining  and  Mechanical  Enjgineers;  and  Member  of  the  South  Wales  Institute 


of  Mining  Engineers.  ^  With  700  Plans,  Diagrams,  and  other  Illustrations. 
Fourth  Edition,  Revised  and  Enlarged,  medium  8vo,  over  000  pp. 
Strongly  bound S^l  o«. 

Summary  op  Contents :— Geology.— Search  for  Coal.— Mineral  Leases 
AND   other  Holdings.— Shaft  Sinking.— Fitting  uh  the  Shaft  and  surface 

arrangements steam  Boilers  and  their  Fitti.ngs.— Timbering  and  walling.— 

Narrow  Work  and  Methods  op  Working.  —  Underground  Conveyance.  — 
Drainage.— The  Gases  met  with  in  Mines;  Ventilation.— on  thu  Friction  of 
Air  in   Mines.— the  Priestman  Oil  Engine;  Petroleum  and  Natural  Gas.— 

Surveying  and  Planning Safety  Lamps  and  Firedamp  Detectors.— sundry 

and  Incidental  operations  and  appliances.— Colliery  Explosions.— Miscel- 
laneous Questions  and  answers.— .4//r»K/ir.-  Si'mmary  of  Report  of  H.M. 
Commissioners  on  accidents  in  Mines. 

"  Mr.  Pamely  has  not  onty  eiven  us  a  comprehensive  reference  book  of  a  very  hii^  order, 
suitable  to  the  requirements  of^nuninff  engineers  and  colliery  mana^rs,  but  has  ano  provided 
odninff  students  with  a  class-book  that  is  as  interesting  as  it  is  instructive."— Co//^ry  Afanaj^er. 

~'  Mr.  Pamely's  work  i%  eminently  suited  to  the  purpose  for  which  it  is  intended,  bcint;  clear, 
biteresting,  exhaustive,  rich  in  detail,  and  up  to  date,  giving  descriptions  of  the  latest  machines  in 
every  department.  A  mining  engineer  could  scarcely  go  wrong  who  followed  this  work." — CoUitry 
Guardian. 

"  This  is  the  most  complete  '  atl-round '  work  on  coal-mining  published  in  the  English 
language.  ...  No  library  of  coal-mining  books  is  complete  without  iW—CoMrry  F.Hj^neer 
(Scranton,  Pa..  U.S.A.K 

COAL  &  IRON  INDUSTRIES  of  the  UNITED  KINGDOM. 

Comprising  a  Description  of  the  Coal  Fields,  and  of  the  Principal  Seams  of 
Coal^  with  Returns  of  their  Produce  and  its  Distribution,  and  Analyses  of 
Special  Varieties,  Also,  an  Account  of  the  Occurrence  of  Iron  Ores  in  >r  eins  or 
Seams ;  Analyses  of  each  Variety ;  and  a  History  of  the  Rise  and  Progress  of 
Pig  Iron  Manufacture.  By  Richard  Meade.  8vo,  cloth  .  .  £1  8a. 
"  Of  this  book  we  may  unreservedly  say  that  it  is  the  best  of  its  class  which  we  have  ever 

met.  ...  A  book  of  reference  which  no  one  engaged  in  the  iron  or  coal  trades  should  omit  from 

hb  Bbrary."— /nwi  and  Coal  Trades  Revirw. 

COAL  AND  COAL  MINING. 

Bv  the  late  Sir  Warington  W.  Smyth^  M.A.,  F.R.S.,  &c.,  Chief  Inspector 
of  the  Mines  of  the  Crown.     .Seventh  Edition,  Revised  and  Enhu^ed.     With 

numerotLs  Illustrations,  lamo,  cloth 3/8 

"  As  an  outline  is  given  of  every  known  coal-field  in  this  and  other  countries,  as  well  as  of  the 

principal  methods  of  working,  the  oook  will  doubtless  interest  a  very  large  number  of  readers."— 

Mining  youmat. 

ASBESTOS  AND  ASBESTIC. 

Their  Properties,  Occurrence,  and  Use.     By  Robert  H.  Jone.s,  F.S.A., 
Mineralogist,    Hon.    Mem.    Asbestos    Club,    Black    Lake,    Canada.      With    Ten 
Collotype  Plates  and  other  Illustrations.   Demy  8vo,  cloth.    \Juit  Publishtd.    16/0 
"  An  interesting  and  invaluable  work."— Co/Ziety  GMardian 

SUBTERRANEOUS  SURVEYING 

(Elementary  and  Practical  Treatise  on\  with  and  without  the  Magnetic  Needle. 
By  Thomas  Fenwtck,  Surveyor  of  Mines,  and  Thomas  Baker,  C.E.  Illus- 
trated.     x2mo,  cloth 2/6 

GRANITES  AND  OUR  GRANITE  INDUSTRIES. 

By  George  F.  Harris.  F.G.S.,  Membre  de  la  Soci^t^  Beige  de  Otolosie, 
Lecturer  on  Economic  Geology  at  the  Birkbeck  Institution,  &c     With  Illus* 

trations.    Crown  8vo,  cloth 2/6 

"A  clearly  and  well-written  manual  for  persons  engaged  or  interested  hi  the  granite  industry. 
'-Scetstnan, 
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THE  METALLURGY  OF  GOLD. 

A  Practical  Treatise  on  the  Metallargical  Treatment  of  Gold-bearing  Ores. 
Including  the  IVoce»es  of  Concentration,  Chlorination,  and  Extraction  by 
Cyanide,  and  the  Assaying,  Melting,  and  Refining  of  Gold.  By  M.  Eissleb, 
Mining  Engineer  and  Metallurgical  Chemist,  formerly  Assistant  Assayer  of  the 
U.S.  Mint,  San  Francisca  Fourth  Edition.  Enlarged.  With  about  250  Illus- 
trations and  numerous  Folding  Plates  and  Working  Drawings.  Large  crown 
8vo,  cloth.  [Just  Published.     1 6/0 

"  This  l»ook  thorougfhlr  deserves  its  title  of  a  '  Practical  Treatise.*  The  whole  process  of  gold 
milHnff.  from  the  breaking  or  the  quartx  to  the  taesay  of  the  bullion,  is  described  in  clear  and  onterly 
narrative  and  with  much,  but  not  too  much,  fblnns  of  detalL"— StfAwrifay  Review. 

"  The  work  is  a  storehouse  of  information  and  valuable  data,  and  we  strongly  recommend  it 
to  all  professional  men  engaged  in  the  gold-mining  XnAu^try. "—Mininj^  ymmaJ. 

THE  CYANIDE  PROCESS  OF  GOLD  EXTRACTION. 

Including  its  Practical  Application  on  the  Witwatersrand  Gold  Fields  in  South 
Africa.  By  M.  Eissler,  M.E.,  Author  of  "The  Metallurgy  of  Gold,"  &c 
With  Diagrams  and  Working  Drawings.  Second  Edition,  Revised  and  En- 
larged.   8vo,  cloth.  \Just  Pnbliihtd.    7/6 

"  This  book  is  just  what  was  needed  to  acquaint  mining  men  with  the  actttal  workfaigof  a 
process  which  is  not  only  the  most  popular,  but  is,  as  a  general  rule,  the  most  successful  for  the 
extraction  of  gold  from  tailinys."— J/mtw/r  you  mat. 

"  The  work  will  prove  m valuable  to  aJi  interested  in  gold  mining,  whether  metaUurgists  or  as 
investors," — Chemical  News. 

THE  METALLURGY  OF  SILVER. 

A  Practical  Treatise  on  the  Amalgamation,  Roasu'n^,  and  Lixiviation  of  Silver 
Ores.  Including  the  Assaying,  Melting,  and  Refining  of  Silver  Bullion.  By 
M.  Eissler,  Author  of  ''The  Metallurgy  of  GolcH"  ftc  Third  Edition. 
Crown  8vo,  cloth 10/6 

"  A  practical  treatise,  and  a  technical  work  which  we  are  convinced  will  supply  a  ktng.|elt 
want  amongst  practical  men,  and  at  the  same  time  be  of  value  to  students  and  others  indirectly 
connected  with  the  \ndu%XT\es."— Miming  youmml. 

•*  From  first  to  last  the  book  is  thoroughly  sound  and  reliable."— C*MlfO'  Guardian. 

"  For  chemists,  practical  miners,  assayers,  and  investors  alike  we  do  not  know  of  any  work 
on  the  subject  so  h;inny  and  yet  so  comprehensive." — Gfasgvw  Herald. 

THE  METALLURGY  OF  ARGENTIFEROUS  LEAD. 

A  Practical  Treatise  on  the  Smelting  of  Silver-Lead  Ores  and  the  Refining  of 
Lead  Bullion.  Including  Reports  on  various  Smelting  Establishments  and 
Descriptions  of  Modem  Smelting  Furnaces  and  Plants  in  Europe  and  Amoica. 
By  M.  Eissler,  M.E.,  Author  of  "  The  Metallurgy  of  Gold,"  &c  Crown  8vo, 
400  pp.,  with  183  Illustrations,  cloth 1 2/8 


"  The  numerous  metallurgical  processes,  which  are  fully  and  extensively  treated  ofL  embrace 
all  the  stages  experienced  in  the  passo^  of  the  lead  fVom  the  various  natural  states  to  its  bsue  from 
the  refinery  as  an  article  of  commerce.  —Practical  Hnpineer. 

"  The  present  volume  fully  maintains  the  rcputauon  of  the  author.  Those  who  wish  to  obtadn 
a  thorough  insight  into  the  present  state  of  this  industry  cannot  do  better  than  resid  thb  vohune.  and 
all  mining  engineers  cannot  fail  to  find  many  useful  hints  ainl  suggestions  in  iu'—Jndttstries. 

METALLURGY  OF  IRON. 

By  H.  Bauerman,  F.G.S.,  A.R.S.M.  Sixth  Edirion,  Revised  and  Enhu-ged. 
i2mo,  cloth 5/0 

THE  IRON  ORES  of  GREAT  BRITAIN  and  IRELAND. 

Their  Mode  of  Occurrence,  Age  and  Origin,  and  the  Methods  of  Searching  for 
and  Working  Them.  With  a  Notice  of  some  of  the  Iron  Ores  of  Spain.  By 
J.  D.  Krndall,  F.G.S.,  Mining  Engineer.  Crown  8vo,  cloth  .  .  18/0 
"  The  author  has  a  thorough  practical  knowledge  of  his  subject,  and  has  supplemented  a 


"  1  ne  author  has  a  thorough  practical  knowledge  of  his  subject,  and  has  supplemented  a 
careful  !.tudy  of  tlic  available  literature  by  unpublished  information  derived  from  his  own  observa- 
tions The  result  is  a  very  useful  volume,  which  cannot  fail  to  be  of  value  to  afl  interested  in  the 
iron  Industry  of  the  conntry."— Industries. 
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ELECTRICITY,     ELECTRICAL 
ENGINEERING,  &c. 


SUBMARINE  TELEORAPH5. 

Their  History,  Construction,  and  Working.  Founded  in  pttrt  on  WOnschbn« 
dorpf's  *'  Traitd  de  Tildgraphie  Sous— Marine,"  and  Compiled  from  Authorita* 
live  and  ExcluMve  Sources.  By  Charles  Bright,  F.R.S.E.  Super-rox-al 
8vo,  about  780  pp.,  fully  Illustrated.  \JiutPubiisfied,   NeU  £3  3«, 

THE  ELECTRICAL  ENGINEER'S  POCKET-BOOK. 

Consisting  of  Modem  Rules,  Formulae,  Tables,  and  Data.  By  H.  R.  Krmpe, 
M.Inst.E.E.,  A.M.Inst.C.E..  Technical  Officer  Postal  Telegraphs,  Author  of 
•'A  Handbook  of  Electrical  Testing,"  " The  Engineer's  Year-Book,"  &c. 
Second  Exlition,  thoroughly  Revised,  with  Additions.  With  numerous  Illuv 
trations.     Royal  33mo,  oblong,  leather .     5/0 

"  There  is  very  I'tttlr  in  the  shape  of  formulae  or  data  which  the  electrician  is  likely  to  want  In 
a  hurry  which  cannot  be  found  in  Its  pijfes."— /'ri7«rrtVtf/  Engineer. 

"  A  very  useful  book  of  refermce  for  d.tily  use  in  practical  electrical  engineering  and  its 
various  applications  to  the  industries  of  the  present  day."— /r»M. 

•'  It  Is  the  best  book  of  its  kind."— ^//r/rrVa/  Engineer, 

"  The  Electricrtl  Engineer's  Pocket-Book  is  a  gfood  one."— Electrician. 

"  Strongly  recommended  to  those  engaged  in  the  electrical  industries."— '^/^r^nto/  Xevirv. 

ELECTRIC  LIGHT  FITTINQ. 

A  Handbook  for  Working  Electrical  Engineers,  embodying  Practical  Notes  on 
Installation  Management.  By  J.  W.  Urquhart,  Electrician,  Author  of 
"  Electric  Light,  &c.  With  numerous  Illustrations.  Third  Edition, 
Revised,  with  Additions.    Crown  8vo,  cloth,  [Just  Publish$d.    5/0 

••  This  volume  dcaU  with  what  may  be  termed  the  mechanics  of  electric  lighting,  and  is 
addressed  to  men  who  arc  already  engaged  hi  the  work,  or  arc  training  for  it.    The  work  traverses 


k  great  deal  of  ground,  and  may  be  read  as  a  sequel  to  the  same  author's  useful  work  on  '  Electric 
L^t. '  "—Electrician. 

"  This  Is  an  attempt  to  state  in  the  simplest  language  the  precautions  which  shouM  be  adopted 
In  installing  the  electric  IlKht.  and  to  give  information  for  the  guidance  of  those  who  have  to  run  the 
plant  when  Installed.  Tlw  book  b  well  worth  the  [>crusal  of  the  workman,  for  whom  it  is  written." 
—Eleetricflt  Review. 

"  Eminently  practical  and  useful  .  .  .  Ought  to  be  in  the  hands  of  every  one  in  charge  of  on 
electric  light  jAxat.  —E/ectricai  Engineer. 

ELECTRIC  LIGHT. 

Its  Production  and  Use,  Embodying;  Plain  Directions  for  the  Treatment  of 
Dynamo-Electric  Machines,  Batteries,  Acctimulators,  and  Electric  Lamp*. 
By  J.  W.  Urquhart,  C.E.,  Author  of  "Electric  Light  Fitting,"  "Electro- 
plating," ftc  Sixth  Edition,  carefully  Revised,  vrith  Additions  and  115  Illua* 
trations.    Crown  8vo,  cloth.  [Just  Published.    7/6 

"The  whole  ground  of  electric  lighting  is  more  or  less  covered  and  explained  in  a  very  clear 
and  concise  matmer."—E/ectrica/  Review. 

"  Contains  a  good  deal  of  very  interesting  infonnation,  especially  in  the  parts  where  the  author 
gives  dimensions  and  working  costs."— Electrical  Engineer. 

"  A  vade-mecum  of  the  salient  facts  connected  with  the  science  of  electric  lighting."-^ 
Electrician. 

"You  cannot  for  your  purpose  have  a  better  book  than  'Electric  IJght'  by  Urquhart. "<-> 
Engineer. 

DYNAMO  CONSTRUCTION. 

A  Practical  Handbook  for  the  Use  of  Engineer>Constructors  and  Electricians* 
in-Charge.  Embracing  Framework  Bunding,  Field  Magnet  and  Armature 
Winding  and  Grouping.  Compounding,  &c  With  Examples  of  leading 
English,  American,  and  Conunental  Dynamos  and  Motors.  By  J.  W. 
Urouhart.   Author  of  "  Electric  Light,"  &c.    Second   Edition,  Enlarged. 

With  114  Illustrations.     Crown  8vo,  cloth ifS 

"  Mr.  Urquhart's  book  is  the  first  one  which  deals  with  these  matters  in  such  a  way  that  the 
engineering  student  can  understand  them.  The  book  is  very  readable,  and  the  author  leads  his 
readers  up  to  difficult  subjects  by  reasonably  simple  Xcas."—Engimeering  Review. 

" '  Dynamo  Construction '  more  than  sustains  the  high  character  of  the  author's  previous 
puUications.  It  is  sure  to  be  widely  read  by  the  large  ondrapidly-bicreasing  number  of  practical 
electricians."— ^;/aj:fow  Herald. 

••  A  book  for  which  a  demand  has  long  einsxc<L"—AfecMmm'cal  H'orld, 


Digitized  by  VjOOQ  IC 


2,\         CROSBY  LOCK  WOOD  6-  SON'S  CATALOGUE. 


THE  MANAQEMENT  OF  DYNAMOS. 

A  Handy  Book  of  Theory  and  Practice  for  the  Use  of  Mechanics,  Engineers, 
Students,  and  others  in  Charge  of  Dynamos.     By  G.  W.  Lummis  Paterson. 

With  numeroa<«  Illustrations.    Crown  8vo,  cloth 3/6 

"  An  example  which  dnerves  to  be  taken  as  a  model  by  other  authors.  The  subject  %  treated 
la  a  manner  which  any  intelliifent  man  who  b  fit  to  be  eatrutted  with  charge  of  an  enstne  should 
be  able  to  under^an<£    It  Is  a  useful  book  to  all  who  make,  tend,  or  emi>loy  electric  machinery, •• 


THE  STANDARD  ELECTRICAL  DICTIONARY. 

A  Popular  Encycloposdia  of  Words  and  Terms  Used  in  the  Practice  of  Electrical 
Ennneenng.  By  T.  O'Conor  Sloane,  A.M.,  Ph.D.  Second  Edition, 
with  Appendix  to  date.     Crown  8vo,  680  pp.,  390  Illustrations,  cloth. 

i/MSt  Published,    7/6 
"  The  work  has  many  attractive  features  in  h,  and  is,  beyood  doubt,  a  well  put  together  and 
useful  publication.    The  amount  of  ground  covered  may  be  gathered  from  the  (act  tliai  in  the  index 
about  5,600  references  will  be  foumL  '—H.earicai  Rnnrw. 

ELECTRIC  SHIP-LIQHTINQ. 

A  Handbook  on  the  Practiczd  Fitting^  and  Kimning  of  Ships'  Electrical  Phuit. 
For  the  Use  of  Shipowners  and  Builders,  Marine  Electricians,  and  Seag^g 
Engineers-in-Charge.  By  J.  W.  Urquhart,  C.E.  With  88  Illustrations, 
Cro%m  Bvo,  cloth 7/© 

"The  subject  of  sliip  electric  lighting  is  one  of  vast  importance,  and  Mr.  Urquhart  is  to  be 
highly  complimented  for  placing  such  a  valuable  work  at  the  service  of  marine  electnciuis." — Tht 
Sttainshif. 

ELECTRIC  LIGHT  FOR  COUNTRY  HOUSES. 

A  Practical  Handbook  on  the  Erection  and  Running  of  Small  Installations, 

with  Particulars  of  the  Cost  of  Plant  and  Working.     By  J.  H.  Knight. 

Second  Edition,  Revised.     Crown  8vo,  wrapper.  [ J Uit  Published.    "I/O 

"  The  book  contains  excellent  advice  and  many  practical  hints  for  the  hdp  of  those  who  wish 

to  light  their  own  hou%fs."—BuildiHg^  Nru'S. 

ELEMENTARY  PRINCIPLES  OF  ELECTRIC  LIQHTINQ. 

By  Alan  A.  Campbell  Swinton,  Associate  I.E.E.    Third  Edition,  EnUuged 
and  Revised.     With  16  Illustrations.    Crown  8vo,  cloth   ....     1/6 
"  Any  otic  who  desires  a  short  and  thoroutrhlv  clear  exposition  of  the  elementary  principles  of 
electric  hghiing  cannot  do  better  than  read  this  uttle  ^oxk."—Bnul/«rd  Okstrvtr. 

DYNAMIC    ELECTRICITY   AND    MAGNETISM. 

By  Philip  Atkinson,  A.M.,  Ph.D.,  Author  of  '*  Elements  of  Static 
Electricity,"  &c.    Crown  8 vo,  417  pp.,  with  lao  Illustrations,  cloth     .    10/6 

THE  ELECTRIC  TRANSFORMATION  OF  POWER. 

With  its  Application  by  the  Electric  Motor,  mcluding  Electric  Railway 
Construction.  By  P.  Atkinson,  A.M.,  Ph.D.  With  96  Illustrations. 
Crown  Bvo,  cloth 7/G 

HOW  TO  MAKE  A  DYNAMO. 

A  Practical  Treatise  for  Amateurs.  Containing  numerous  Illustrations  and 
Detailed  Instructions  for  Constructing  a  Small  Dynamo  to  Produce  the 
Electric  Light.  By  Alfred  Ckopts.  Fifth  Edition,  Revised  and  Enlai«d. 
Crown  8vo,  cloth.  [Just  Published.    2/0 

"  The  instructions  given  in  this  unpretentious  little  book  are  suffidentir  clear  and  explldt  to 

enable  any  amateur  mechanic  possessed  of  average  skiQ  and  the  usual  tools  to  be  foona  in  an 

amateur's  workshop  to  build  a  practical  dynamo  imc\\\nc.''—F..'tftrician. 

THE  STUDENT'S  TEXT-BOOK  OF  ELECTRICITY. 

Bv  H.  M.  NoAD,  F.R.S.  Cheaper  Edition.  650  pp.,  with  470  Illustrations. 
Crown  8vo,  cloth ^jq 
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PRACTICAL  BUILDING  CONSTRUCTION. 

A  Handbook  for  Students  PreparinK  for  Examinations,  and  a  Book  of 
Reference  for  Persons  Engaged  in  Building.  By  John  Parnell  Allen, 
Surveyor,  Lecturer  on  Building  Construction  at  the  Durham  College  of 
Science,  Newcastle-on-Tyne.  Second  Exiition,  Revised  and  Enlarged. 
Medium  8vo,  450  pp.,  with  1,000  Illustrations,  cloth.  [Just  Published.  7/Q 
"  The  most  complete  exposition  of  building  construction  we  have  seen.  It  conuins  all  that  is 
necessary  to  prepare  students  for  the  various  examinations  in  building  construction."— i5ff//^'fl;£' 

"  The  author  depends  nearlj^  as  much  on  his  diagrams  as  on  bis  type.  The  pages  suggest 
the  hand  of  a  man  of  experience  in  building  operations— and  the  volume  must  be  a  Messing  to 
many  teachers  as  well  as  to  students."— TA^  Archittct. 

"  The  work  is  sure  to  prove  a  formidable  rival  to  great  and  smaD  competitors  alike,  and 
bids  faxt  to  take  a  permanent  place  as  a  favourite  student's  text-book.  The  large  number  of  iUus- 
ttations  deserve  particular  mention  for  the  great  merit  they  possess  for  purposes  of  reference  in 
exactly  corresponding  to  convenient  scales."— y^wrwa/ii/'/'A^  Royal  JHStitnte  of  British  Architects. 

PRACTICAL  MASONRY. 

A  Guide  to  the  Art  of  Stone  Cutting.  Comprising  the  Construction,  Setting 
Out,  and  Working  of  Stairs,  Circular  Work,  Arches,  Niches,  Domes,  Penden- 
tives,  Vaults,  Tracery  Windows,  &c.,  &c.  For  the  Use  of  Students,  Masons, 
and  other  Workmen.  By  William  R.  Purchase,  Building  Inspector  to  the 
Town  of  Hove.    Royal  8vo,  134  pp.,  with  50  Lithographic  Plates,  comprising 

nearly  400  separate  Diagrams,  cloth Y/6 

"  Mr.  Purchase's  *  Practical  Masonrv '  will  undoubtedly  be  found  useful  to  all  interested  in 
this  important  subject,  whether  theoretically  or  practically.  Most  of  the  examples  given  are  from 
actual  woilc  carried  out.  the  diagrams  being  carefully  drawn.  The  book  is  a  practkal  treatise  on 
the  subject,  the  author  himself  having  commenced  as  an  operative  mason,  and  afterwards  acted  as 
foreman  mason  on  many  large  and  important  buildings  prior  to  the  attainment  of  his  present 
position.  It  should  be  round  of  general  urility  to  archttectural  students  and  others,  as  well  as  to 
those  to  whom  it  is  specially  addressed."— y^wrmi/  qfthe  Royal  Institute  o/BriHsh  Architects. 

"  The  author  has  evidently  devoted  much  time  and  conscientious  labour  in  the  production  of 
his  book,  which  will  be  found  very  serviceable  to  students,  masons,  and  other  workmen,  while  its 
value  is  much  enhanced  t>y  the  capital  illustrations,  consisting  of  fifty  lithographic  plates,  com- 
prising about  400  diafcrams.— /Illustrated  Carpenter  and  Builder. 

CONCRETE:   ITS  NATURE  AND  USES. 

A  Book  for  Architects,  Builders,  Contractors,  and  Clerks  of  Works.  ^  By 
George   L.  Sutcliffe,  A.R.I.B.A.     350  pp.,  with  numerous  Illustrations. 

Crown  8vo,  cloth 7/6 

"  The  author  treats  a  difficult  subject  in  a  lucid  manner.  The  manual  fills  a  long-feh  gap. 
It  is  careful  and  exhaustive  :  equally  useful  as  a  student's  guide  and  an  architects  book  of 
nftrenc^"—youmal  ofthe  Royal  Institute  0/ British  Architects. 

"There  is  room  (or  this  new  book,  which  will  probably  be  for  some  time  the  standard  work 
on  the  subject  for  a  builder's  purpKtse."— (;/a^<rw  Herald. 

THE  MECHANICS  OF  ARCHITECTURE. 

A  Treatise  on  Applied  Mechanics,  especially  Adapted  to  the  Use  of  Architects. 

By  E.  W,  Tarn,  M.A.,  Author  of  '^  The  Science  of  Building,"  &c.    Second 

Edition,  Enlarged.     Ilhtstrated  with  125  Diagrams.    Crown  8vx),  cloth      7/6 

"  The  book  is  a  very  useful  and  helpful  manual  of  architectural  mechanics,  and  really  contains 

sufficient  to  enable  a  careful  and  painstaking  student  to  grasp  the  principles  bearing  upon  the 

nuuority  of  building  problems.    ...    Mr.   Tarn  has  added,  by  this  volume,  to  the  debt  of 

gratitude  which  is  owing  to  him  by  architectural  students  for  the  many  valuable  works  which  he  has 

produced  for  their  use.  —The  Builder. 

"  The  mechanics  in  the  volume  are  really  mechanfcrs.  and  arc  harmoniously  wrought  in  with 
the  distinctive  professional  matter  proper  to  the  subject.  The  diagranui  and  type  are  commendably 
clear."— TA^  Schoolmaster. 

LOCKWOOD'S  BUILDER'S  PRICE  BOOK  for  1898. 

A  Comprehensive  Handbook  of  the  Latest  Prices  and  Data  for  Builders, 
Architects,  Engineers,  and  Contractors.  Re-constructed,  Re-written,  and 
Greatly  Enlarged.    By  Francis  T.  W.  Miller.    800  closely-printed  p^es, 

crown  8vo,  cloth 4/0 

••  This  book  is  a  very  useful  one.  and  should  find  a  place  in  every  English  office  connected 
with  the  building  and  engineering  ^tofess\on%."— Industries. 
"  An  excellent  book  of  nfercncc"— Architect. 

"  In  its  new  and  revised  form  this  Price  Book  is  what  a  work  of  this  kind  should  be— compre- 
hensive, reliable,  well  arranged,  legible,  and  well  bound."— British  Architect. 
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THE  LONDON  BUILDING  ACT,  1894. 

With  the  By-Laws  and  Regulations  of  the  London  County  Council,  and 
Introduction,  Notes,  Cases,  and  Index.  By  Ai^x.  J.  David,  B.A.,  LL.M-,  of 
the  Inner  Temple,  Barrister-at-Law.    Crown  8vo,  doth  ....    8/0 


"  To  all  architects  and  district  surveyon  and  builders  Mr.  David's  manual  wtQ  be  i 
'-Bffiidimg^  Nmrs. 

"  The  volume  will  doubtless  be  eagerijr  consulted  bjr  the  buikting  {xAcxtikty.''—Ifhutrattd 
Carffnter  and  BuHder. 

THE  DESIGN  OF  BUILDINGS. 

Being  Elementary  Notes  on  the  Planning,  Sanitation.  luid  Omamentive 
Formation  of  Structures,  based  on  Modem  Practice.  Illustrated  with  Nine 
Folding  Plates.     By  W.  Woodlkv.      8vo,  cloth 6/0 

THE  DECORATIVE  PART  of  CIVIL  ARCHITECTURE. 

By  Sir  William  Chambers,  F.R.S.  With  Portr  .it,  IlUtstrations,  Notes,  and 
an  Examination  of  Grecian  Architecture,  by  Joseph  Gwilt,  F.S.A. 
Revised  and  Edited  by  W.  H.  Leeds.    66  Plates,  410,  cloth        .        .21/0 

A  HANDY  BOOK  OP  VILLA  ARCHITECTURE. 

Bein^  a  Series  of  Designs  for  Villa  Residences  in  various  Styles.  With 
Outline  Specifications  and  Estimates.  By  C.  Wickes,  .\rchitect,  Author  of 
"The  Spires  and  Towers  of  England,"  &c.    6x  Plates,  4to,  half-morocco,  gilt 

edges £1   1 1  •.  00. 

"  The  whole  of  the  designs  bear  evidence  of  their  beini;  the  work  of  an  artistic  architect,  and 
they  win  prove  very  valuable  and  siigjfestive."— 5w« "rfi/ff  Nnvs. 

THE  ARCHITECT'S  GUIDE. 

Being  a  Text-book  of  Useful  Information  for  Architects,  Engineers,  Surveyors, 
Contractors,  Clerks  of  Works.  &c.,  &c.     By  Frederick  Roc.krs,  Architect. 

Third  Edition.    Crown  8vo,  cloth 3/6 

"  As  a  text -book  of  useful  informa'ion  for  architects,  engineers,  surveyors,  &c.,  it  would  bo 
hanl  to  find  a  handier  ox  more  co.iiplete  little  vohime."— 5AiiM^n/ 

ARCHITECTURAL  PERSPECTIVE. 

/  The  whole  Course  and  Operations  of  the  Draughtsman  in  Drawing  a  Laige 

\y  Hoiwe  in  Linear  Perspective.     Illustrated  by  43  Folding  Plates.     By  F.  O. 

^  Ferguson.    Second  Edition,  Enlarged.    8vo,  boards     ....    3/6 

"  It  is  the  most  intelligible  of  the  treatises  on  this  ill-treated  subject  that  I  have  met  with."— 

E.  INGRESS  BELL,  ESQ..  m  the  ^./.^.^.  youma!. 

PRACTICAL  RULES  ON  DRAWING. 

For  the  Operative  Builder  and  Young  Student  in  Architccttirc.  By  Georcb 
Pyne.     14  Plates,  410,  boards 7/6 

MEASURING  AND   VALUING  ARTIFICER'S  WORK. 

(The  Student's  Guide  to  the  Practice  of.)  jContaining  Directi<ms  for  taking 
Dimensions,  Abstracting  the  same,  and  bringing  the  Quantities  into  Bill,  with 
Tables  of  Constants  for  Valuation  of  Labour,  and  for  the  Calculation  of  Areas 
and  Solidities.  Originally  edited  by  E.  Dobson,  Architect.  With  Additions 
by  E.  W.  Tarn,  M.A.     Sixth  Edition.    With  8  Plates  and  63  Woodcuts. 

Crown  8vo,  cloth 7/6 

•'  This  edition  wil  be  found  tlie  most  complete  treatise  on  the  principles  of  measuring  and 
valuing  artificer's  work  that  has  yet  been  published."— if «t/<^i>V  News. 

TECHNICAL  GUIDE,  MEASURER,  and  ESTIMATOR. 

For  Builders  and  Surveyors.  Containing  Technical  Directions  for  Measuring 
Work  in  all  the  Building  Trades,  Complete  Specifications  for  Houses,  Roads, 
and  Drains,  and  an  Easy  Method  of  Estimating  the  ports  of  a  Building 
collectively.     By  A.  C.  Beaton.     Eighth  Edition.     Waistcoat-pocket  siae, 

gilt  edges 1/6 

"No  builder,  architect,  survej'or,  or  valuer  should  be  without  his  •  Beaton." "—^frr/rf^nir 
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CONSTRUCTIONAL  IRON  AND  STEEL  WORK. 

As  Applied  to  Public,  Private,  and  Domestic  Buildings.  A  Practical  Treatise 
for  Architects,  Students,  and  Builders.     By  F.  Cami'IN.    Crown  8vo,  cloth. 

[Just  Published.    3/6 

"Any  one  who  wants  a  book  on  ironwork,  as  employed  in  buildings  for  stanchions,  columm, 
and  beams,  will  find  the  present  volume  to  be  suitable.  The  author  has  had  long  and  variea 
experience  In  designing  this  class  of  work.  The  illustrations  have  the  character  of  woridn^ 
drawings.    This  practical  book  may  be  counted  a  most  valuable  work."— Srifish  Architect. 

SPECIFICATIONS  for  PRACTICAL  ARCHITECTURE. 

A  Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder.  With  an  Essay 
on  the  Structure  and  Science  of  Modem  Building  Upon  the  Basis  of  the 
Work  by  Alfred  Bartholomew,  thoroughly  Revised,  Corrected,  and  greatly 
added  to  by  Frederick  Roger.s,  Architect.    Third  Edition,  Revised.    8vo, 

cloth 16/0 

"  The  work  is  too  well  known  to  need  any  recommendntion  from  us.  It  is  one  of  the  books 
with  which  every  young  architect  must  be  equipped." — Architect. 

THE  SCIENCE  OF  BUILDING. 

An  Elementary  Treatise  on  the  Principles  of  Construction.  By  E.  Wyndham 
Tarn,  M.A.,  Architect.     Foiu-th  Edition,  with  59  Engravings.     Fcap.  8vo, 

cloth 3/6 

"A  r^vy  valuable  book*  which  we  strongly  recommetui  to  all  students."— i7Mi/dErr. 

THE  HOUSE-OWNER'S  ESTIMATOR. 

Or,  What  will   it  Cost  to  Build.  Alter,  or  Repair  ?    A  Price  Book  for  Un- 

rfessional  People  as  well  as  the  Architectural  Surveyor  and  Builder.     By 
D.  Simon.     Edited  by  F.  T.  W.  Miller,  A.R.I.B.A.     Fourth  Edition. 

Crown  8vo,  cloth 3/6 

"  In  two  ycirs  it  will  repay  its  cost  a  hundred  times  over."— Fie/d. 

A  BOOK  ON  BUILDING. 

Civil  and  Ecclesiastical,  including  Church  Restoration ;  with  the  Theory  of 
Domes  and  the  Great  Pyramid,  &c.     By  Sir  Edmund  Beckett,  Bart.,  LL.Dy 

F.R-A.S.    Second  Edit.     Fcap.  Bvo,  cloth 4/6 

"  A  book  which  is  always  amusing  and  nearly  always  instructive."— TA/  Times. 

SANITARY  ARRANGEMENT  OF  DWELLING-HOUSES. 

A  Handbook  for  Householders  and  Owners  of  Houses.     By  A.  J.  Wallis- 
.  Tayler,  A, M.Inst. C.E.    With  Illustrations.     Crown  Bvo,  cloth         .        2/6 
"This  book  will  be  largely  read ;  it  will  be  of  considerable  service  to  the  public.    It  is  well 
arranged,  easily  read,  and  for  the  most  part  devoid  of  technical  terms."— /uMttcet. 

VENTILATION. 

A  Text-book  to  the  Practice  of  the  Art  of  Ventilating  Buildings.     By  W.  P. 

Buchan,  R.P.     i2mo,  cloth 3/6 

"  Contains  a  great  amount  of  useful  practical  information  as  thoroughly  interesting  as  it  is 
technically  re^hle.— British  Architect. 

PLUMBING. 

A  Text-book  to  the  Practice  of  the  Art  or  Craft  of  the  Plumber.     By  W.  P. 
Buchan,  R.P.     Seventh  Edition,  Enlarged.    Crown  8vo,  cloth     .        .    3/6 
"  A  text-book  which  may  be  safely  put  in  the  hands  of  every  young  plumber."— Bui/der. 

PRACTICAL  GEOMETRY. 

For  the  Architect,  Engineer,  and  Mechanic.  Giving  Rules  for  the  Delineation 
and  Application  of  various  Geometrical   Lines,    Figures,  and  Curves.     Bv 

E.  W.  Tarn,  M.A.,  Architect.    8vo,  cloth 9/0 

"  No  lK)ok  with  the  same  objects  in  view  has  ever  been  puMished  Ui  which  the  clearness  of 
the  rules  laid  down  and  the  illustrative  diagrams  have  been  so  satisfactory."— S<w;f»»a»i. 

THE  GEOMETRY  OF  COMPASSES. 

Or,  Problems  Resolved  by  the  mere  Description  of  Circles  and  the  use  of 
Coloured  Diagrams  and  Symbols.  By  Oliver  Byrne.  Coloured  Plates. 
Crown  8vo,  cloth .     3/6 
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CARPENTRY,  TIMBER,  &c. 


THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY. 

A  Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the  Resistance 
of  Timber,  and  the  Construction  of  Floors,  Arches,  Bridges,  Rools,  Uniting 
Iron  and  Stone  with  Timber,  &c.  To  which  is  added  an  Elssav  on  the  Nature 
and  Properties  of  Timber,  &c.,  with  Descriptions  of  the  kinos  of  Wood  used 
in  Buildmg ;  also  numerous  Tables  of  the  Scmntlinss  of  Timber  for  different 
purposes,  the  Specific  Gravities  of  Materials,  &c.  By  Thomas  Tredcou),  C.E. 
Witn  an  Appendix  of  Specimens  of  Various  Rom  of  Iron  and  Stone,  Illus- 
trated. Seventh  Edition,  thoroughly  Revised  and  considerably  Enlarged  by 
E.  Wv^fDHAM  Tarn,  M.A,,  Author  of  "The  Science  of  Building,"  &c 
With  6i  Plates,  Portrait  of  the  Author,  and  several  Woodcuts.     In  One  large 

Vol.,  4to,  cloth 25/0 

"  (.>u£ht  to  be  in  eveiy  architect's  and  every  bulkier'*  UbnTy.''—8iHfder. 

"A  work  whose  monumental  excellence  must  commend  it  wherever  skiUiil  carpentry  is 

concerned.    The  author's  principles  are  rather  confirmed  than  impaired  by  time.    The  additioaal 

plates  are  of  fi^reat  intriniiic  vHl\tc."~Biti/tfifijf  Ntws. 

WOODWORKING  MACHINERY. 

Its  Rise,  Progress,  and  Construction.  With  Hints  on  the  Manag^ement  of  Saw 
Mills  and  the  Economical  Conversion  of  Timber.  Illustrated  with  Examples 
of  Recent  Designs  by  leading  English,  French,  and  American  Engineers.  By 
M.  Powis  Bale,  A.M.Inst.C.E.,  M.I.M.E.  Second  Edition,  Revised, 
with  large  Additions,  large  crown  8vo,  440  pp.,  cloth       ....    9/0 


"  Mr.  Bale  i«  evidently  an  expert  on  the  subject,  and  he  has  collected  so  much  k 

that  hU  book  is  all-sufficient  (or  builders  and  others  engaged  in  the  conversion  of  timber.  "—^rcAiteX. 

"The  most  comprehensive  compendium  of  wood-working  machinery  we  have  seen.  The 
author  is  a  thorough  master  of  his  subject. "—fftfi/ding-  Nen'S. 

SAW  MILLS. 

Their  Arrangement  and   Management,  and  the  Economical  Conversion   of 

Timber.      By  M.  Powis  Bale,  A.M.Inst.CE.      Second  Edition,  Revised. 

Crown  8vo,  cloth.  IJmst  Published,    10/6 

"  The  odmiMistratioM  of  a  large  sawing  cstaUishment  b  discussed,  and  the  subject  examined 

from  a  financial  standpoint.     Hence  the  size,  shape,  order,  and  dispcsiHon  of  saw  railb  and  tl»e  Kke 

are  gone  into  in  detail,  and  the  course  of  the  timber  is  traced  from  its  reception  to  its  delivcry-in  its 

converted  state.    We  could  not  desire  a  more  complete  or  practical  treatise."— i?w^i<i/irr. 

THE  CARPENTER'S  NEW  GUIDE. 

Or,  Book  of  Lines  for  Carpenters ;  comprising  all  the  Elementary  Principles 
essential  for  acquiring  a  knowledge  of  Caipentry.  Founded  on  the  late  PsTBit 
Nicholson's  standanl  work.  A  New  Edition,  Revised  by  Arthur  Ashpitbl, 
F.S.A.  Together  with  Practical  Rules  on  Drawing,  by  George  Pyne. 
With  74  Plates,  4to,  cloth £1   1  s. 

A  PRACTICAL  TREATISE  ON  HANDRAILING. 

Showing  New  and  Simple  Methods  for  Finding  the  Pitch  of  the  Plank,  Drawing 
the  Moulds,  Bevelling,  Jointing-up^  and  Squaring  the  Wreath.  By  George 
Collings.  Second  Edition,  Revised  and  Enlarged,  to  which  is  added 
A  Treatise  ON  Stair-building.    With  Plates  and  Diagrams     .       .    2/6 

"  Win  be  found  of  praaical  utility  in  the  execution  of  this  difficult  btjmch  of joinety.**— JVwriXrirr. 

"  Almost  every  difficult  ph.ise  of  this  somewhat  intricate  branch  of  Joinery  is  elucidated  by 
the  aid  of  plates  and  explanatory  letterpress."— Awrwi/Mrif  Gasfttt. 

CIRCULAR  WORK  IN  CARPENTRY  AND  JOINERY. 

A  Practical  Treatise  on  Circular  Work  of  Sinele  and  Double  Curvature.  By 
(George  Collings.    With  Diagram.s.    SecondEdition,  lamo,  cloth     ,    2/6 

.  .  .  V  ^**  excellent  example  of  what  a  book  of  this  kind  should  be.    Cheap  fai  pikreL  ctear  in 
definition,  and  practical  in  the  examples  selected. '—^w^/*r. 
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HANDRAILINQ  COMPLETE  IN  EIGHT  LESSONS. 

On   the   Square-Cut  System.      By  J.   S.  Goldthorp,   Head   of  Building 
Department,  Halifax  Technical  School.      With  Eight  Plates  and  over  150 

Pnu:tical  Exercises.    410,  cloth 3/6 

who  take  a  pride  iii  good  work. 
'  U  to  teachers  and  students.**— 


"  Likely  to  be  of  considerable  value  to  Joiners  and  others  wl 
The  arranirement  of  the  book  Is  excellent.  We  heartily  commend 
Timbtr  Trades  yoHmal. 

TIMBER  MERCHANT'S  and  BUILDER'S  COMPANION. 

containing  New  and  Copious  Tables  of  the  Reduced  Weight  and  Measure- 
ment of  Deals  and  Battens,  of  all  sizes,  from  One  to  a  Thousand  Pieces,  and 
the  relative  Price  that  each  sire  bears  per  Lineal  Foot  to  any  given  Price  per 
Petersburgh  Standard  Hundred  ;  the  Price  per  Cube  Foot  of  Square  Timber 
to  any  given  Price  per  Load  of  50  Feet,  &c,  &c.  By  William  Dowsing. 
Fourth  Edition,  Revued  and  Corrected.    Crown  8vo,  cloth    .  .    3/0 

*'  We  are  flad  to  see  a  fourth  edition  of  these  admirable  tables,  which  for  correctness  and 
simplicity  of  arrangement  leave  nothing  to  be  desired."— TVm^r  Trades  Joumal, 

THE  PRACTICAL  TIMBER  MERCHANT. 

A  Guide  for  the  Use  of  Building  Contractors,  Surveyors,  Builders,  &c., 
comprisins  useful  Tables  for  all  purposes  connected  with  the  Timber  Trade, 
MarVs  of  Wood,  Essay  on  the  Strength  of  Timber,  Remarks  on  the  Growth  of 
Timber,  &c.  By  W.  Richardson.  Second  Edition.  Fcap.  8vo,  cloth  .  3/6 
"  This  handy  manual  contains  much  valuable  information  for  the  use  of  timber  merchants, 

buUders,  foresters,  and  all  others  connected  with  the  growth,  sale,  and  manufiicture  of  timber."— 

JoHrnat  t^f  Forestry . 

PACKING-CASE  TABLES. 

Showing  the  number  of  Superficial  Feet  in  Boxes  or  Packing-Cases,  from  six 
inches  square  and  upwards.    By  W.  Richardson,  Timber  Broker.    Third 

Edition.    Oblong  4to,  cloth        .        .  3/6 

"  InvaluaUe  labour-saving  laMitti,"— Ironmonger. 

GUIDE  TO  SUPERFICIAL  MEASUREMENT. 

Tables  calculated  from  i  to  300  inches  in  length  \iy  x  to  xo8  inches  in  breadth. 

For    the    tise    of    Architects,    Stirveyors,    Engineers,    Timber    Merchants, 

Builders,  &c.    By  Jamks  Hawkings.     Fourth  Edition.    Fcap.,  cloth .    3/6 

"  A  usefiil  collection  of  tables  to  facilitate  rapid  calculation  of  surfaces.    The  exact  area  of 

any  surface  of  which  the  limits  have  been  ascertained  can  be  instantly  determined.    The  book  will 

be  found  of  the  greatest  utility  to  all  engaged  in  buQding  operations.'  ^-Scotsman, 

PRACTICAL   FORESTRY. 

Its  Bearing  on  the  Improvement  of  Estates.  By  Charles  E.  Curtis,  F.S.I., 
F.S.S.    Second  Edition,  Revised.    Crown  8vo,  cloth,   ijmt  Published.    3/6 

THE  ELEMENTS  OF  FORESTRY. 

Designed  to  afford  Information  concerning  the  Planting  and  Care  of  Forest 
Trees  for  Ornament  or  Profit,  with  suggestions  upon  the  Creation  and  Care  ot 
Woodlands.    By  F.  B.  Hough.    Large  crown  8vo,  cloth     ...    1 0/O 

THE   TIMBER   IMPORTER'S,  TIMBER  MERCHANT'S, 
AND  BUILDBR'S  STANDARD  OUIDB. 

By  Richard  E.  Grandy.  Comprising:— An  Analysis  of  Deal  Standards, 
Home  and  Foreign,  with  Comparative  Values  and  Tabular  Arrangements  for 
fixing  Net  Landed  Cost  on  Bialtic  and  North  American  Deals,  including  all 
intermediate  Expenses,  Freight,  Instirance,  &c. ;  together  with  copious  Informa- 
tion for  the  Retailer  and  BuDder.  Third  Edition.  i2mo,  cloth  .  2/0 
"  Everything  it  pretends  to  be :  built  up  gradually,  it  leads  one  from  a  forest  to  a  treenail^ 

and  throws  m  as  a  makeweight  a  host  of  matenal  concerning  bricks,  columns,  cisterns,  dec."— <^ 

En^UsA  Mechanic. 
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DECORATIVE  ARTS,  &c. 


SCHOOL    OF    PAINTING    FOR    THE    IMITATION    OF 

WOODS  AND  MARBLES. 

As  Taught  and  Practbed  by  A.  R.  Van  der  Burg  and  P.  Van  dkr  Burc, 
Directors  of  the  Rotterdam  Painting  Institution.  Royal  folio,  i8|  by  i2|  in^ 
Illustrated  with  24  full*size  Coloured  Plates  ;  also  12  plain  Pbues,  comprising 
154  Figures.    Second  and  Cheaper  £klition    .  £1  lis.  60. 

Lisrr  OF  Plates  :—i.  Various  Tools  Rbquirhd  FOR  Wood  Painting.— a,  3L  Walnut  ; 
Preliminary  Stages  of  Graining  and  Finished  specimen.— ♦-  Tooi-s  used  for 
Marble  Painting  and  Method  op  Manipulation.— 5,  6.  St.  Remi  Marble; 
Harlier  Operation.s  and  Finished  sppximrn.  —  7.  Methods  of  Sketching 
Different  grains.  Knots,  &c.-«.  9.  Ash:  Preliminary  Stages  and  Finished 
SPHCiMP-N.— 10.  Methods  of  Sketching  Marble  Grains.— h.  ix  Brkche  Marble; 
Preliminary  Stages  op  Working  and  Finlshrd  Specimen.— 13.  BIaple  ;  methods 
OP  Producing  the  Different  grains.— 14,  15.  Bird's-eye  maple  ;  Preliminary 
Stages  and  Finished  specimen.— 16.  Methods  of  Sketching  the  Different 
SPECIES  OF  White  Marble.— 17,  la  white  Marble  ;  Preliminary  Stagf.s  of 
Process  and  Finished  specimen.— 19.  Mahogany;  Specimens  of  Various  Grains 
and  Methods  of  Manipulation.— ao,  ai.  Mahogany;  Farlier  Stages  and 
Finished  spkcimfj*.— aa.  23.  94-  Sienna  Marble;  Varieties  of  Grain.  Preliminary 
Staop^  and  Finished  specimen.— as,  36,  a?.  Juniper  wood;  Methods  of  Pro- 
dicing  Grain.  &c.  ;  preliminary  Stages  and  finished  Specimen.— 38,  aa.  jfx  Vert 
DE  Mer  Marble;  Varietif^s  of  Grain  and  Methods  of  working.  Unfinished 
AND  Finished  Specimens.— 31,  3a,  «.  oak  ;  Varieties  of  Grain.  Tools  Employed 
AND  methods  of  Manipulation,  Preliminary  Stages  and  Finished  Specimen.— 

^u  35.  36.  Waulsort  marble;  Varieties  of  Grain,  Unfinished  and  Finished 
PEC  I  mens. 

"  Those  who  desire  to  attain  skill  in  the  art  of  paintinj;  woods  and  marbles  will  find  advantage 
iu  consulting  this  book.  .  .  .  Some  of  the  Working  Men's  Clubs  should  give  their  young  men 
the  opportunity  to  »tudy  it"— Buiider. 

"A  comprehensive  guide  to  the  art.  The  explanations  of  the  processes,  the  manipulation 
and  management  of  the  colours,  and  the  beautifully  executed  plates  will  not  be  the  least  valuable  to 
the  student  who  aims  at  making  his  work  a  faithful  transcript  ofnanux^.'—Buiklimg  Nrtes. 

"  Students  and  no\-ices  are  fortunate  who  are  able  to  become  the  possessors  of  so  noble  a 
work. "—  TMt  Archiua. 

ELEMENTARY  DECORATION. 

A  Guide  to  the  Simpler  Forms  of  Everyday  Art.  Together  with  PRACTICAL 
HOUSE  DECORATION.  Bv  James  W.  Facby.  With  mmierous  Illus- 
trations.   In  One  Vol.,  strongly  hsOf-bound       ....  .    5/0 

HOUSE  PAINTING,  QRAININQ,  MARBLING,  and  SIGN 

WRITING. 

A  Practical  Manual  of.  By  Ellis  A.  Davidson.  Seventh  Edition.  With 
Coloured  Plates  and  Wood  Engraving.s.     lamo,  cloth  boards  .  .    G/O 

"  A  mass  of  Information  of  use  to  the  amateur  and  of  value  to  the  practical  nxui.''—EHglisk 
MtchaMic. 

THE  DECORATOR'S  ASSISTANT. 

A  Modern  Guide  for^  Decorative  Artists  and  Amateurs,  Painters,  Writers, 
Gilders,  &c.  Containing  upwards  of  600  Receipts,  Rules,  and  Instructi<ms ; 
with  a  variety  of  Information  for  General  Work  connected  with  every  Oass  of 
Interior  and  Exterior  Decoratioas,  &c.  Sixth  Edition.  152  pp.,cr.8vo  .  1/0 
"  Full  of  receipts  of  value  to  decorators,  iiainters,  gflders,  &c.    The  book  contains  the  gist  of 

larger  treatises  on  colour  and  technical  processes.    It  would  be  difficult  to  meet  with  a  work  so  faSL 

(MT  varied  information  on  the  painter's  a.xV'-'Building  N€ws. 

MARBLE  DECORATION 

And  the  Terminology  of  British  and  Foreign  Marbles.    A    Handbook  for 

Students.    By  George  H.  Blagrove,  Author  of  "  Shoring  and  its  Ai^laca* 

tion,"  &c.    With  a8  Illustrations.    Crown  8vo,  cloth        .  .        .    3/6 

.    ,, .  "  P»ls  most  useful  and  much  wanted  handbook  should  be  in  the  hands  of  every  architect  and 

"A  careAjlly  and  usefully  written  treatise  j  the  work  is  essentially  ^mc^^''-^ScotsmaiU 
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DELAMOTTE'S  WORKS  ON   ALPHABETS  AND 
ILLUMINATION. 

ORNAMENTAL  ALPHABETS,  ANCIENT  &  MEDl/CVAL. 

From  the  Eighth  Century,  with  Numerals;  including  Gothic,  Church-Tcxt, 
large  and  small,  German,  Italian.  Arabesque,  Initials  for  Illumination, 
Monograms,  Crosses,  &c.,  &c.,  for  tne  use  of  Architectural  and  Engineering 
Draughtsmen,  Missal  Painters,  Masons,  Decorative  Painters,  Lithographers, 
Engravere,  Carvers,  &c.,  &c.  Collected  and  Engraved  by  F.  Delamotte,  and 
printed    in    Colours.      New    and    Cheaper    Edition.      Royal    8vo,    oblong, 

ornamental  boards 2/6 

"  For  those  who  Insert  enamelled  sentences  round  ifildcd  chalices,  who  blAzon  shop  letfends 

over  shopndoors.  who  letter  church  walls  with  pithy  sentences  from  the  Decalopic,  this  book  will  be. 

%ue(u\."—j4tMePiirum. 

MODERN  ALPHABETS,  PLAIN  AND  ORNAMENTAU 

Including  German,  Old  English,  Saxon,  Italic,  Perspective,  Greek,  Hebrew, 
Court  Hand,  Engrossingj  Tuscan,  Riband,  Gothic,  Rustic,  and  Arabesque ; 
with  several  Original  Designs,  and  an  Analysis  of  the  Roman  and  Old  English 
Alphabets,  large  and  small^  and  Numerals,  for  the  use  of  Draughtsmen, 
Surveyors,  Masons,  Decorative  Painters,  Lithographers.  Engravers,  Carvers, 
&c.  Collected  and  Engraved  by  F.  Delamotte,  and  printed  in  Colours. 
New  and  Cheaper  Edition.  Royal  8vo,  oblong,  ornamental  boards  .  2/6 
"  There  is  comprised  in  it  every  possible  shape  into  which  the  letters  of  the  alphabet  and 

numerals  can  be  fonned,  and  the  talent  which  has  been  expended  In  the  conception  oithe  various 

plain  and  oniamental  letters  is  woudcrfuL"— J/a/M^nr/. 

MEDI>EVAL      ALPHABETS      AND       INITIALS      FOR 
ILLUMINATORS. 

By  F.  G.  Delamotte.    Containing  31  Plates  and  Illuminated  Title,  printed 

in  Gold  and  Colours.    With  an  Introduction  by  J.  Willis  Brooks.    Fourth 

and  Cheaper  Edition.    Small  410,  ornamental  boards      ....    4/0 

"  A  volume  in  which  the  letters  of  the  alphabet  come  forth  ^orified  in  gildini;  and  all  the 

colours  of  the  prism  interwoven  and  intertwined  and  intermingled."— 5M/t. 

A  PRIMER  OF  THE  ART  OF  ILLUMINATION. 

For  the  Use  of  Beginners ;  with  a  Rudimentary  Treatise  on  the  Art,  Practical 
Directions  for  its  Exercise,  and  Examples  taken  from  Illuminated  MSS., 
printed  in    Gold    and    Colours.     By  F.  Delamotte,    New  and   Cheaper 

Edition.    Small  410,  ornamental  boards Q/O 

"  The  examples  of  ancient  MSS.  recommended  to  the  student,  which,  with  much  good  sense. 

the  author  chooses  from  collections  accessible  to  all,  arc  selected  with' judgment  and  knowledge  as 

well  as  taste."— j4tA£n4eum. 

THE  EMBROIDERER'S  BOOK  OF  DESIGN. 


royal  8vo,  ornamental  wrapper 1/6 

"  The  book  will  be  of  great  assistance  to  ladies  and  young  children  who  are  endowed  with 
the  art  of  plying  the  needle  in  this  most  ornamental  and  useful  pretty  work."— JEast^M^iiaH  Tittut, 


INSTRUCTIONS  IN  WOOD-CARVINQ  FOR  AMATEURS. 

With  Hints  on  Design.     Bv  A  Lady.    With  10  Plates.    New  and  Chwiper 

Edition.    Crown  8vo,  in  emblematic  wrapper 2/0 

"  The  handicraft  of  the  wood<arvcr,  so  well  as  a  book  can  impan  it,  may  be  Icamt  from  '  A 
Lady's '  publication."— --//Ar^^rttwi. 

PAINTING   POPULARLY  EXPLAINED. 

By  Thomas  John  Gullick,  Painter,  and  John  Timbb,  F.S.A.  Including 
Fresco,  Oil,  Mosaic,  Water-Colour,  Water*Glas«,  Tempera,  Encaustic, 
Miniature,  Painting  on  Ivory,  Vellum,  Pottery,  Enamel,  Glass,  &c.  Fifth 
Edition.    Crown  8vo,  cloth 5/0 

*♦*  Adopted  as  a  Prize  Book  at  South  Kensington. 

"  Much  may  be  learned,  even  by  those  who  fancy  they  do  not  require  to  be  taught,  from  the 
careful  perusal  of  this  unpretending  but  comprehensive  treatise.**— -^jfr/  yottrna/. 
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NATURAL  SCIENCE,  &c. 
THE  VISIBLE  UNIVERSE. 

Chapten  on  the  Orisin  and  Construction  of  the  Heax'ens.    By  J.  £.  Gore, 
F.R.  A.S.,  Author  of^*  Star  Groups,"  &c.     Illustrated  by  6  Stellar  Photographs 

and  la  Plates.    Demy  8vo,  cloth 1  o/O 

"  A  valuable  and  lucid  sununary  of  recent  aatronomical  theory,  rendered  nx>fe  valuable  and 
attractive  by  a  series  of  stellar  photopraphs  and  other  iUustrations.''— TAf  Times. 

"  In  prrscntini;  a  clear  and  concise  account  of  the  present  state  of  our  knowledce  Mr.  Gore 
has  made  a  valuable  addition  to  the  literature  of  the  subject.**— Aa/Mrr. 

*'  Mr.  Gore*s  '  Visible  Universe'  b  one  of  the  finest  works  on  astronomical  science  that  have 


the  atybe  is  so  clear  and  attractive  that  it  will  be  as  acceptable  and  as  readable  to  those  who  make 
no  scientific  pretensions  as  to  those  who  devote  themselves  specially  to  matters  astronomkaL"-- 
Letdt  Mtrcury. 

STAR  GROUPS. 

A  Student's  Guide  to  the  ConstelUtions.  By  J.  Kllard  Gore,  F.R.A.S., 
M.R.I.A..  &c.,  Author  of  "The  Visible  Universe,"  "The  Scenery  of  the 

Heavens,*'  &c    With  30  Maps.     Small  4to,  cloth 6/0 

"  The  volume  contains  thirty  maps  showing  stars  of  the  sixth  magnitude— the  usual  naked-eye 
llmlt->  and  each  is  accompanied  by  a  brief  commentary  adapted  to  facilitate  recognition  and  bring 
to  notice  objects  of  special  interest.  For  the  purpose  of  a  preliminary  survey  of  the  'trndniglit 
pomp '  of  the  heavens  nothing  could  be  better  than  a  set  of  d<^ineations  averagiiuf  scarcely  twenty 
square  inches  in  area  and  including  nothing  that  cannot  at  ooce  be  identUted."— sS<«4wniA>y  Rtviem. 

AN  ASTRONOMICAL  GLOSSARY. 

Or,  Dictioiuuy  of  Terms  used  in  Astronomy.  With  Tables  of  DaU  and  Lists 
of  Remarkable  and  Interesting  Celestial  Objects.  By  J.  Eluird  Gork, 
F.R.  A,S.,  Author  of  "  The  Viable  Universe,"  &c    Small  crown  8vo,  doth. 

2/6 

"A  verv  useful  little  work  for  beginners  in  astronomy,  and  not  to  be  despised  by  more 
advanced  students."— 7Vv  Times. 

"  A  very  handy  book  ...  the  utility  of  whkh  is  much  increased  by  its  valuable  tables  of 
astronomical  lUx.tu"—.Athetnntm, 

THE  MICROSCOPE. 

Its  Construction  and  Management.  Including  Technique,  Photo-micrography, 
and  the  Past  and  Future  of  the  Microscope.  By  Dr.  Henri  van  Heurck. 
Re-Edited  and  Augmented  from  the  Fourth  French  Ekiition,  and  Translated 
by  Wynne  E.  Baxter,  F.G.S.  400  pp.,  with  upwards  of  350  Woodcuts, 
imp.  8vo,  cloth 1 8/0 

"  A  translation  of  a  well-known  work,  at  once  popular  and  comprehensive.'' — Times. 

"  The  translation  is  as  felicitous  as  it  is  accurate.  —AWMre. 

PHOTO-MICROGRAPHY. 

By  Dr.  H.  van  Heurck.  Extracted  from  the  above  Work.  Royal  8vo,  with 
Illustrations,  sewed I/O 

ASTRONOMY. 

By  the  late  Rev.  Robert  Main,  M.A.,  F.R.S.  Third  Edition,  Revised  by 
William  Thvnne  Lynn,  B.A.,  F.R.A.S.,  fwroerly  of  the  Royal  Obecrvatory, 

Greenwich,     izmo,  cloth 2/0 

"  A  sound  and  sim(4e  treatise,  very  carefully  edited,  and  a  capital  book  for  bcginnetv"— 
KfMmfiedge. 

"Accurately  brought  down  to  the  requlremenu  of  the  present  time  by  Mr.  Lynn."— 
EducmtioHal  Times, 

A  MANUAL  OF  THE  MOLLUSCA. 

A  Treatise  on  Recent  and  Fossil  Shells.  By  S.  P.  Woodward,  A.L.S., 
F.G.S.  With  an  Appendix  on  Recent  and  Fossil  Conchological 
Discoveries,  by  Ralph  Tate,  A.L.S.,  F.G.S.  With  23  Plates  and 
upwards  of  300  Woodcuts.    Reprint  of  Fourth  Edition  (1880).    Crown  8vo. 

cloth 7/0 

"A  most  valuable  storehouse  of  conchological  and  geological  information.  '-^Sdenci  G0ssi^. 

THE  TWIN   RECORDS  OF  CREATION. 

Or,  Geology  and  Genesis,  their  Perfect  Harmony  and  Wonderful  Concord. 

ByG.  W.  V.  leVaux.     Bvo,  cloth 6/0 

"A  valuable  contribution  to  the  evidences  of  Revelation,  and  disposes  very  conchtshrely  of 
*!!?-.?'?"'"*?**  °^  *•"***  ''•»<»  ''0"'<*  *«»  God's  Works  against  God's  Word.  No  real  dUBculty  b 
shlilced.  and  no  sophistry  is  left  unexposed."*^ rA/  /iaU, 
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HANDBOOK  OF  MECHANICS. 

By  Dt.  Lardner.     Enlarged  and  re-writtcn  by  Benjamin  LoewV,  F.R.A,S. 

378  Illustrations.     Post  8vo,  cloth     .        * QjQ 

*•  The  perspicuity  of  the  oripnal  has  been  retained,  and  chapters  which  had  become  obsolete 
have  been  replaced  by  others  of  more  modem  character.  The  explanations  throuKhout  are 
studiously  popular,  and  care  has  been  taken  to  show  the  application  of  (he  various  branches  of 
physics  to  the  industrial  arts,  and  to  the  practical  business  of  life."— jl/if»i>«^  yoMma', 

HANDBOOK  OF  HYDROSTATICS  AND  PNEUMATICS. 

By  Dr.  Lardner.     New  Edition,  Revised  and  Enlarged  by  Benjamin  Loewy, 

F.R.A.S.    With  236  Illustrations.     Post  8vo,  cloth 6/0 

"  For  those  •  who  desire  to  attain  an  accurate  knowledfire  of  physical  science  without  the 
profound  methods  of  mathematical  investigation,'  this  work  is  well  adapted."— CArwiiVa/  News. 

HANDBOOK  OF  HEAT. 

By  Dr.  Lardner.    Edited  and  re-written  by  Benjamin  Loewy,  F.  R.  A.S.,  &c 

X17  Illustrations.     Post  8vo,  cloth Q/O 

"  The  siyl*  is  always  clear  and  precise,  and  convoys  instruction  without  leaving  any  cloudiness 
or  lurking  doubts  \x\Asid."—EH^»reriHg. 

HANDBOOK  OF  OPTICS. 

By  Dr.  Lardner.    New  Edition.    Edited  by  T.  Olver  Harding,  B. A.  Lond. 

With  298  Illustrations.     Small  8vo,  448  pp.,  cloth 0/O 

"  Written  by  one  of  the  ablest  English  scientific  writers,  beautifully  and  elaborately  illustrated." 
—Mechanics'  Magazine > 

ELECTRICITY,  MAGNETISM,  AND  ACOUSTICS. 

By  Dr.  Lardner.     Edited  by  Geo.  Carey  Foster,  B.A.,  F.C.S.     With 

400  Illustrations.     Small  8vo,  cloth 0/O 

"The  book  could  not  have  been  entrusted  to  any  one  better  calculated  to  preserve  the  terse 

and  lucid  style  of  Lardner,  while  correcting  his  errors  and  bringing  up  his  work  to  the  present 

state  of  scientific  knowledge."— Aj^n/ar  Science  Review. 

HANDBOOK  OF  ASTRONOMY. 

By  Dr.  Lardner.  Fourth  Edition.  Revised  and  Edited  by  Edwin  Dunkin, 
F.R.A.S.,  Royal  Observatory,  Greenwich.     With  38  Plates  and  upwards  of 

loo  Woodcuts.    8vo,  cloth 9/6 

"  Probably  no  other  book  contains  the  same  amount  of  information  in  so  compendious  and 
well  arranged  a  form— certainly  none  at  the  price  at  which  this  is  offered  to  the  ^\x\:Sic.''—AtheHetnm. 
"  We  can  do  no  other  than  pronounce  this  work  a  most  valuable  manual  of  astronomy,  and 
we  strongly  recommend  it  to  all  who  wish  to  acquire  a  general— but  at  the  same  time  correct- 
acquaintance  with  this  sublime  acience.'—Quarfer/y  youmato/ Science. 

MUSEUM  OF  SCIENCE  AND  ART. 

Edited  by  Dr.  Lardner.  With  upwards  of  1,200  Engraving  on  Wood.  In 
Six  Double  Volumes,  £1  1  s.  in  a  new  and  elegant  cloth  binding ;  or  hand- 
somely bound  in  half-morocco £1   lis.  60. 


"  A  cheap  and  interesting  publication,  alike  informing  and  attractive.    The  papers  combine 
subjects  of  Importance  and  great  scientific  knowledge,  consider*^'    '    •     -■  -^  •- 

style  of  treatment."— J^f to/or. 


s  of  Importance  and  great  scientific  knowledge,  considerable  inductive  powers,  and  a  popular 


Conmon  Things  Explained. 
The  Microscope.    35.  cloth. 
Popular  Qeolos^r.    25.  td.  cloth. 
Popular  Physics.    2s.  6d.  cloth. 


Separate  books  formed  from  the  above. 


Steam  and  its  Uses.    as.  cloth. 
Popular  Astronony.     45.  6d.  cloth. 
The  Bee  and  White  Ants.   25.  cloth. 
The  Electric  Telegraph,    is.  td. 


NATURAL  PHILOSOPHY  FOR  SCHOOLS. 

By  Dr.  Lardner.    Fcap.  8vo ♦    3/6 

"A  very  convenient  class  book  for  Junior  students  in  private  scttooW— British  Quarterly 
Review. 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS. 

By  Dr.  Lardner.    Fcap.  8vo 3/6 

••  Clearly  written,  well  arranged,  and  excellently  illustrated. "—<;«rrffwrr'j  Ckronide. 

THE  ELECTRIC  TELEGRAPH. 

By  Dr.  Lardner.    Revised  by  E.  B.  Bright,  F.R.A.S.    Fcap.  8vo.         2/6 
"  On*  of  the  most  readaUe  books  extant  on  the  Electric  Tdegraph,"— ^iv'''*  Mechanic 
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CHEMICAL    MANUFACTURES, 
CHEMISTRY,    &c. 

THE  QAS  ENGINEER'S  POCKET  BOOK. 

Comprising  Tableii,  Notes  and  Memoranda  relating  to  the  MantUacture, 
Distribution  and  Use  of  Coal  (5as  and  the  Construction  of  Gas  Works.  By 
H.  O'Connor,  A.M.Inst.C.E.,  450  pp.,  crown  8vo,  fully  Illustrated,  leather. 

\  Just  Published.     10/6 

WATER  AND  ITS  PURIFICATION. 

A  Handbook  for  the  Use  of  Local  Authorities,  Sanitary  Officers,  and  others 

interested  in  Water  Supply.    By  S.    Rideal,   D.Sc.   Lond.,   F.l.C.    With 

numerous  Illustrations  and  Tables.    Crown  8vo,  cloth.    [Just  Published.    7/6 

••  Dr.  Rideal's  book  Is  both  intcresline  and  accurate,  and  contains  a  mojt  useful  rAuwu  of 

the  latest  knowledge  upon  the  subject  of  which  h  treats.     It  ought  to  be  of  great  senrice  to  all  who 

•re  connected  with  the  supply  of  water  for  domestic  or  manufacturing  purpose*."— TA*  Em^ineer. 

"  Dealing  as  clearly  as  It  does  with  the  Tarious  ramifications  of  such  an  important  suoject  as 
water  and  its  purification  it  miiy  be  warmly  recommended.  I,ocal  authorities  and  all  eng^sed  >• 
sanitary  affairs,  and  others  interested  in  water  supply,  will  read  its  pages  with  profit  "—iMMcet. 

ENQINEERINQ  CHEMISTRY. 

A  Practical  Treatise  for  the  Use  of  Analytical  Chemists,  Engineers,  Iroo 
Masters^  Iron  Founders,  Studenu  and  others.  Comprising  Methods  of  Analysts 
and  Valuation  of  the  Principal  Materials  used  in  Engineering  Work,  with 
numerous  Analyses,  Examples  and  Suggestions.  By  H.  J.  Phiu-ips,  F.I.C, 
F.C.S.    Second  Edition,  Enlarged.     Crown  8vo,  400  pp.,  with  Illustrations, 

cloth 10/6 

"  In  this  work  the  author  has  rendered  no  small  service  to  a  numerous  t>ody  of  practical 

men.  .  .  .  The  analytical  methods  may  be  pronounced  most  satisfactory,  t>eing  as  accurate  as  the 

despatch  required  of  engineering  chenusts  permits."— CA^wiVa '  News. 

"  The  Dock  is  full  of  good  things.    As  a  handbook  of  technical  analysis,  it  is  very 


—Bui/der. 

"  The  analytical  methods  given  are.  as  a  whole,  such  as  are  likdy  to  give  rapid  and  trust* 
worthy  results  in  experiencetl  hauds.  .  .  .  There  is  much  excellent  descrijKive  matter  in  the  work, 
the  cbaptcr  on  '  Oils  and  Lubrication  *  being  specially  noticeable  in  thb  respect."— i?ii^'i««fr. 

NITRO-EXPLOSIVES. 

A  Practical  Treatise  concerning   the  Properties,  Manufacture,  and  Analysis 
of  Nitrated  Substances,   includmg  the  Fulminates,  Smokeless  Powders,   and 
Celluloid.  By  P.  G.  San  ford,  F.  I.C,  Consulting  Chemist  to  the  Cotton  Powder 
Company,  &c.    With  Illustrations.    Crown  8vo,  cloth.    {Just  PubUshid,    9/0 
"  Any  one  having  the  requisite  apparatus  and  materials  could  make  nitru-glycerinc  or  gun- 
cotton,  to  say  nothing  of  other  explosives,  by  the  aid  of  ihc  instructions  contained  m  this  volume. 
This  Is  one  of  the  very  few  tcxt-bouks  in  which  can  be  found  Just  what  is  wanted.    Mr.  Sanfbrd 
goes  steadily  through  the  whole  list  of  explosives  commonly  used,  he  names  any  given  explosive, 
and  tells  us  of  what  It  is  composed  and  how  it  is  manufactured.    The  book  is  excellent  tbrouglKMit.'' 
—  Th*  EHiTiHeer. 

A  HANDBOOK  ON  MODERN  EXPLOSIVES. 

A  Practical  Treatise  on  the  Manufacture  and  Use  of  Dynamite,  Gun-Cotton, 
Nitro-GIycerinc  and  other  Explosive  Compounds,  includmg  Collodion-Cotton. 
With  Chapters  on  Explosives  in  Pmctical  Application.  By  M.  EisSLJvK, 
Mining  Engineer  and  Metallurgical  Chemist.  Second  Edition,  Enbuved. 
With  150  Illustrations.    Crown  8vo,  cloth,  [Just  Published.    12/6 

"  Useful  not  only  to  the  miner,  but  also  to  officers  of  both  services  to  whom  blasting  and  the 
use  ot  explosives  generally  may  at  any  time  become  a  neccss,iry  auxiliory."— A'«/J«fv. 

'•  A  veritable  nunc  orinrormati.>n  on  the  suhj«*ct  of  explosives  employed  for  military,  mining, 
and  blasting  purposes."— ^r/«y  an  J  Aavy  Gaaette. 

DANGEROUS  GOODS. 

Their  Sources  and  Properties,  Modes  of  Storage  and  Transport.  With  Notes 
and  Comments  on  Accidents  arising  therefrom,  together  with  the  Government 
and  Railway  Cl.issilicntions  Acts  of  Parliament,  &c.  A  Guide  for  the  Use  of 
Government  and  Railway  Officials,  Steamship  Owners,  Insurance  Companies 
and  Manufacturers,  and  Users  of  Explosives  and  Dangerous  Goods.  By 
^  H.  Joshua  Phillips,  F.I.C,  F.C.S.  Crown  8vo,  374  pp.,  cloth  .  .  9/0 
••  Merits  a  wide  clrciUatton.  and  an  intelligent,  appreciative  study."— CAfwr^oi/  AVwf, 
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CHEMICAL  MANUFACTURES.  CHEMISTRY.   S-c.      35 
A  MANUAL  OF  THE  ALKALI  TRADE. 

Including  the  Manufacture  of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching 

Powder.     By  John  Lomas,  Alkali  Manufacturer,  Newcastle-upon-Tyne  and 

London.     390  pp.  of  Text.    With  23a  Illustrations  and  Working  Drawings. 

Second  Edition,  with  Additions.    Super-royal  8vo,  cloth       .        .    Jji   10«. 

"  This  book  is  written  by  a  manufacturer  for  manufacturers.    The  working  details  of  the  most 

approred  fonns  of  apparatus  are  given,  and  these  are  accompanied  by  no  less  than  tv  wood 

engravings,  all  of  which  may  be  used  for  the  purposes  of  construction.    Every  step  in  the  manu- 

fecturo  is  venr  fully  described  in  this  manual,  and  each  improvement  explained.  —ytfJirttaur/t. 

"We  find  not  merely  a  sound  and  luminous  expLination  of  the  chemical  principles  of  the 
trade,  but  a  notice  of  numerous  matters  which  have  a  most  important  bearing  on  the  successful 
conduct  of  alkali  works,  but  which  arc  generally  overiooked  by  even  experienced  technological 
authors."— CJkemica/  Revinv.  ^ 

THE  BLOWPIPE  In  CHEMISTRY,  MINERALOGY,  and 

Containing  all  known  Methods  of  Anhydrous  Analysis,  many  Working 
Examples,  and  Instructions  for  Making  Apparatus.  By  Lieut. -Gjlonel  W.  A, 
Ross,   R.A.,  F.G.S.     With   120  Illustrations.      Second  Edition,  Enlarged. 

Crown  8vo,  cloth 5/Q 

V  ^*  student  who  goes  conscientiously  through  the  course  of  experimentation  here  laid  down 
wni  gain  a  better  insight  into  inorganic  chemistry  and  mineralogy  than  if  he  had  •  got  up '  any  of  the 
best  text-books  of  the  day,  and  passed  any  number  of  examinations  in  their  contents.^'— CA^with*/ 
News. 

COMMERCIAL  HANDBOOK  OP  CHEMICAL  ANALYSIS. 

Or,  Practical  Instructions  for  the  Determination  of  the  Intrinsic  or  Commercial 
Value  of  Substances  used  in  Manufactures,  in  Trades,  and  in  the  Arts.  By 
A.  NoKMANDY.    New  Edition  by  H.  M.  Noad,  Ph.D.,  F.R.S.    Crown  8vo, 

doth 12/6 

"  We  strongly  recommend  this  book  to  our  readers  as  a  guide,  alike  indispensable  to  the 
housewife  as  to  the  pharmaceutical  practitioner.  "—J/in/iVn/  Times, 

THE  MANUAL  OF  COLOURS  AND  DYE-WARES. 

Their  Properties,  Applications,  Valuations,  Impurities  and  Sophistications. 

For  the  Use  of  Dyers,  Printers,  Drysalters,  Brokers,  &c.     By  J.  W.  Slater. 

Second  Edition,  Revised  and  greatly  Enlarged.    Crown  8vo,  cloth         .     7/6 

"  A  complete  encyclopedia  of  the  materia  Hnctoria.    The  information  given  respecting  each 

artkle  is  ftill  and  precise,  and  the  methods  of  determining  the  value  of  articles  such  as  these,  so 

liable  to  sophistication,  are  given  with  clearness,  and  are  practical  as  well  as  valuable  "—Chemist 

and  Drugkist. 

"  There  is  no  other  work  which  covers  precisely  the  same  ground.  To  students  preparing 
for  examinations  in  dyeing  and  printing  it  will  prove  exceedingly  mskXmX:' —Chemical  News. 

A  HANDY  BOOK  FOR  BREWERS. 

Being  a  Practical  Guide  to  the  Art  of  Brewing  luid  Malting.     Embracing  the 

Concludons  of  Modern  Research  which  bew  upon  the  Practice  of  Brewing. 

By  Herbert  Edwards  Wright,  M.A.    Second  Edition,  Enlarged.    Crown 

8vo,  530  pp.,  cloth.  [Jwt  Published.    1 2/6 

"  May  be  consulted  with  advantafre  by  the  student  who  is  preparing  himself  for  examinational 

tests,  while  the  scientific  brewer  will  find  in  it  a  r/sumd  of  all  the  most  important  discoveries  of 

modern  times.    The  work  is  written  throughout  in  a  clear  and  concise  manner,  and  the  author 

takes  great  care  to  discriminate  between  vague  theories  and  well-established  facts,"— ^rrtivrr* 

youmaL 

"  Wc  have  great  pleasure  in  recommending  this  handy  book,  and  have  no  hesitation  in  saying 
that  it  is  one  of  the  best— if  not  the  best— which  has  yet  been  written  on  the  subject  of  beer-brewing 
in  this  country ;  it  should  have  a  place  on  the  shelves  of  every  brewer's  V^bXMy."— Brewers 
Gnardian. 

"  Although  the  requirements  of  the  student  are  primarily  considered,  an  acquaintance  of  half- 
an-hour's  duration  cannot  fail  to  impress  the  practical  brewer  with  the  sense  of  having  found  i 
truatwoithy  guide  and  practical  counsellor  in  brewery  matters." — Chemical  Trade  youmaL 

FUELS:    SOLID,   LIQUID,  AND  GASEOUS. 

Their  Analysis  and  Valuation.    For  the  Use  of  Chemists  and  Engineers.     By 

H.  J.  Phillips.  F.C.S.,  formerly  Analytical  and  Consulting  Chemist  to  the 

G.E.  Rlwy.    Third  Edition,  Revised  and  Enlarged.    Crown  8vo,  cloth     2/0 

"  Ought  to  have  its  place  in  the  laboratory  of  every  metallurgical  establishment  and  wherever 

fuel  is  usctTon  a  large  $KzSib."—Chemicai News, 
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THE  ARTISTS^  MANUAL  OF  PIGMENTS. 

Showing  their  Composition,  Conditions  of  Pennanencv,  Non- Permanency,  and 
Adulterations ;  Kfllects  in  Combination  with  Each  OUier  and  with  Vehicles ; 
and  the  most  Reliable  Tests  of  Purity.     By  H.  C.  Standage.    Third  Edition, 

crown  8vo,  cloth 2/6 

"  Thk  work  U  indred  tHu'tum'iH'fian'o,  and  we  can,  with  good  conscience,  recommend  H  to 
all  who  come  in  contact  with  piinncnts.  whetlier  as  makers,  doalcrn,  or  users. "—CA^m^bs/  Hevtfw. 

A  POCKET-BOOK  OP  MENSURATION  AND  QAUQINQ. 

Containing  Tables,  Rules,  and  Memoranda  for  Revenue  Officers,  Brewers, 
Spirit  Merchants.  &c.  By  J.  B.  Mant,  Inland  Revenue.  Second  Edition, 
Revised.     i8mo,  leather 4/0 

"  Thb  handy  and  useftU  book  is  adapted  to  the  requirements  of  the  Inland  Revenue  Depart- 
ment,  and  will  be  a  favourite  book  of  lefeieuce.  The  rainge  of  subjects  is  comprebem^re.  and  the 
armnfrcmcnt  simple  and  clear."— Cttn/ian. 

"  Should  be  in  the  hands  of  every  practical  hnwcT."— Brewers'  ymtmrn!. 


INDUSTRIAL     ARTS,     TRADES     AND 
MANUFACTURES. 
MODERN  CVCLE5. 

A  Practical  Handbook  on  their  Construction  and  Repair.    By  A.  J.  Walus- 

Taylkr,  a.  M.  Inst.  C.  E.    Author  of  "  Refrigerating  Machinery,    &c.    With 

upwardsof  300  Illustrations.     Crown  8vo,  cloth.  [Just  Publtshtd.    10/6 

*•  The  larec  trade  that  is  done  in  the  component  parts  of  bicycles  has  placed  in  the  way  of 

men  mechanically  inclined  extraordinary  facilities  for  building  bicydes  for  their  own  use.  .  .     The 

book  will  prove  a  valuable  guide  for  all  those  who  aspire  to  the  manufacture  or  repair  of  their  own 

machine*.  —7^*^  F^/J, 

"  A  most  comprehensive  and  up-to-date  treatise."— TAr  Cyc/e. 

"  A  very  useful  book,  which  is  quite  entitled  to  rank  as  a  standard  work  for  students  of  cycle 
construction. '  —  //  'heeling. 

TEA  PLANTING  AND  MANUFACTURE. 

(A  Text  Book  of.)  Comprising  Chapters  on  the  History  and  De\*dopinent  of 
the  Industry,  the  Cultivation  of  the  Plant,  the  Preparation  of  the  Leaf  for  the 
Market,  the  Botany  and  Chemistry  of  Tea,  &c.  With  some  Account  of  the 
Laws  aJSfectinK  Labour  in  Tea  Gardens  in  Assam  and  elsewhere.  By  David 
Crole,  late  of  the  Jokai  Tea  Company,  &c.  With  Plates  and  other  Illustra* 
ti(Mis.     Medium  8vo,  cloth.  [Just  Published.    16/0 

"  The  author  writes  as  an  expert,  and  gives  the  result  of  hfo  personal  experiences.    The  work 

can  hardly  (ail  to  be  of  practical  mterest  to  tea  growers  and  tea  manufacturers.**— ^n'/^A  Trade 

Jcumat. 

COTTON  MANUFACTURE. 

A  Manual  of  Practical  Instruction  of  the  Processes  of  Opening,  Carding, 
Combing,  Drawing,  Doubling  and  Spinning  of  Cotton,  the  Methods  of 
Dyeing,  &c.  For  the  Use  of  Operatives,  Overlookers,  and  Manufactiuers. 
By  John  Lister,  Technical  Instructor,  PciKlleton.    8vo,  cloth     .        .     7/6 

"  This  invaluable  volume  te  a  distinct  advance  in  the  literature  of  cotten  roanufiurture."' 
Meuhintry. 

"  It  IS  thoroughly  reliable.  fuMDing  nearly  all  the  requirements  desired."— ^PAmcvw  i/ermUL 

FLOUR  MANUFACTURE. 

A  Treatise  on  Milling  Science  and  Practice.  By  Friedrich  Kick.  Imperial 
Rcgierungsrath,  Professor  of  Mechanical  Technology  in  the  Imperial  German 
Polytechnic  Institute,  Prague.  Translated  from  the  Second  Enlarged  and 
Revised  Edition  with  Supplement.  By  H.  H.  P.  Powles,  Assoc.  Memb. 
Institution  of  Civil  Engineers.     Nearly  400  pp.     Illustrated  with  a8  Folding 

Plates,  and  167  Woodcuts.     Royal  8vo,  cloth £1  6s. 

"  This  valuable  work  is.  and  will  remain,  the  standard  authority  on  the  science  of  milKng.  .  .  . 
The  miUer  who  has  read  and  digested  this  work  will  have  laid  the  foundatioa.  so  to  speak,  of  a 
successful  career ;  he  will  have  acquired  a  number  of  general  principles  which  be  can  proceed  to 
apply.  In  this  handsome  volume  we  at  last  have  the  accepted  text-book  of  modem  mUHng  in  goad, 
sound  EnKlisb,  which  has  little,  if  any,  trace  of  the  German  idiom,"— 7Vk*  Miiter. 

.„     "  The  appearance  of  this  celebrated  work  in  English  is  very  opportune,  and  British  nSOmn 
will,  we  are  sure,  not  be  slow  in  avaiUng  themsdves  of  its  pages.**— JVt'/i^  Gm^ettf, 

Digitized  by  VjOOQ  IC 


INDUSTRIAL  AND   USEFUL  AUtS.  37 

CEMENTS,  PASTES,  QLUES  AND  GUMS. 

A  Practical  Guide  to  the  Manufacture  and  Application  of  the  various  Aggluti- 
nants  required  in  the  Building.  Metal-Working,  Wood-Working,  and  Leather- 
WcM-king  Trades,  and  for  Workshop,  Laboratory  or  Office  Use.  With  upwards 
of  900  Recipes  and  Formula.  By  H.  C.  Standagb,  Chemist.  Third  Edition. 
Crown  8vo,  cloth.  [Just  Published.    2/0 

"Wc  have  pleasure  In  spcakiiitf  rBvoumblv  of  this  volume.  So  far  as  we  have  had 
experience,  which  Is  not  inconsiderable,  this  manu.-u  is  truM  worthy." — AthtnteMiH. 

"  As  a  revelation  of  what  are  considered  trade  secrets,  this  book  will  arouse  an  amouot  of 
curiosity  amoog  the  larue  number  of  industries  it  touches."— Ati^  CkronicJe. 

THE  ART  OF  SOAP-MAKINQ. 

A  Practical  Handbook  of  the  Manufacture  of  Hard  and  Soft  Soaps,  Toilet 
Soaps,  &c.  Including  many  New  Processes,  and  a  Chapter  on  the  Recovery  of 
Glycerine  from  Waste  Leys.  By  Alx.  Watt.  Fifth  Eklition,  Revised,  with 
an  Appendix  on  Modern  Candlemaking.  Crown  3vo,  cloth  .  .  .  T/6 
"The  work  will  prove  very  useful,  not  merely  to  the  technological  student,  but  to  the 
practical  soap  boiler  who  wishes  to  understand  the  theory  of  his  3irX."— Chemical  News. 

"  A  thorouirhly  practical  treatise  on  an  art  which  has  abnost  no  literature  in  our  languaffr. 
We  conflrratulate  the  author  on  the  success  of  his  endeavour  to  fill  a  void  in  English  technkal 
Uteratu  re. "— Nature. 

PRACTICAL  PAPER-MAKINQ. 

A  Manual  for  Paper-Makers  and  Owners  and  Managers  of  Paper-Mills.    With 
Tables,  Calculations,  &c.     By  G.  Clapperton,  Paper-Maker.    With  Illus- 
trations of  Fibres  from  Micro-Photographs.    Crown  8vo,  cloth       .        .    G/O 
"  The  author  caters  for  the  requirements  of  responsible  mill  hands,  apprentices,  &c..  whilst 
hb  manual  will  be  found  ofgrcat  service  to  students  of  technology,  as  well  as  to  veteran  papef* 
makers  and  mill  owners.    The  illustrations  form  an  excellent  feature."—  The  tt'orld's  Paper  Trade 
Review. 

"  We  recommend  everybody  interested  in  the  trade  to  get  a  copy  of  this  thoroughly  practical 
book."— Ai^r  MtUting. 

THE  ART  OF  PAPER-MAKINQ. 

A  Practical  Handbook  of  the  Manufacture  of  Paper  from  Rags,  Esparto, 
Straw,  and  other  Fibrous  Materials.  Including  the  Manufactiu-e  of  Pulp  from 
Wood  Fibre,  with  a  Description  of  the  Machinery  and  Appliances  used.  To 
which  are  added  Details  of  Processes  for  Recovering  Soda  from  Waste  Liquors. 
By  Alexander  Watt.  Author  of  "The  Art  of  Soap-Making."    With  IlIiLs- 

trations.    Crown  Svo,  cloth Y/S 

"It  may  t>e  regarded  as  the  standard  work  on  the  subject.  The  book  is  Aill  of  valuable 
information.  The  '  Art  of  Paper-Making '  is  hi  every  respect  a  model  of  a  text -book,  either  for  a 
technical  class,  or  for  the  private  student  —/1ar/*r  and  Prtntittg  Trades  youmal. 

A  TREATISE  ON   PAPER 

For  Printers  and  Stationers.  With  an  Outline  of  Paper  Manufacture ;  Complete 
Tables  of  Sizes,  and  Specimens  of  Different  Kinds  of  Paper.  By  Richakd 
Parkinson,  late  of  the  Manchester  Technical  School.   Demy  8vo,  cloth. 

[Just  PuHishcd.    3/6 

THE  ART  OF  LEATHER  MANUFACTURE. 

Being  a  Practical  Handbook,  in  which  the  Operations  of  Tanning,  Currying, 
and  Leather  Dressing  are  fully  Described,  and  the  Principles  of  Tanning 
Explained,  and  many  Recent  Processes  Introduced  ;  as  also  Methods  for  the 
Estimation  of  Tannin,  and  a  Description  of  the  Arts  of  Glue  Boiling,  Gut 
Dressing.  &c.      By  Alexander    Watt,    Author  of  "Soap-Making,'   &c. 

Fourth  Edition.     Crown  Svo,  cloth 9/0 

"  A  sound,  comprehensive  treatise  on  tanninj;  and  its  accessories.    TTjo  book  is  an  eminently 

valuable  production,  which  redounds  to  the  credit  of  both  author  and  publishers." — Chemical 

Review. 

THE  ART  OF  BOOT  AND  SHOE  MAKING. 

A  Practical  Handbook,  including  Measurement,  I^ast- Fitting,  Cutting-Out, 
Closing  and  Making,  with  a  L^scription  of  the  most  approved  Machinery 
Employed.  By  John  B.  Leno,  late  Edittw  of  5/.  Crispin^  and  The  Boot  and 
Shoe-Maker.    lamo,  cloth 2/0 
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WOOD  ENQ  RAVING. 

A  Practical  and  Easy  Introduction  to  the  Study  of  the  Art.    By  W.  N.  Browh. 

X2ino,  cloth 1/G 

"  The  book  Is  clear  and  complete,  and  will  be  useful  to  any  one  wanting  to  imdentand  th« 
first  dements  of  the  beautiful  art  of  wood  engraving."— ^/rws^k; 

MODERN   HOROLOGY,   IN  THEORY   AND  PRACTICE. 

Translated  from  the  French  of  Claudius  Saunikr,  ex>I>irector  of  the  School 
of  Horology  at  Macon,  by  Tulien  Tripplin,  F.R.A.Sm  Besancon  Waic^ 
Manufacturer,  and  Edward  Rigg,  M.A.,  Assayer  in  the  Koyal  Mint.  With 
Seventy-eifiht  Woodcuts  and  Twenty-two  Coloured  Copper  Plates.  Second 
Edition.    Super-royal  8vo,  cloth,  £2  2s.  ;  half-calf  .  .    £2  IDs. 

"  There  is  no  horological  work  in  the  Hnifhsh  language  at  all  to  be  compared  to  thb  produc- 
tion of  M.  Saunter's  fur  deamesk  and  completeness.    It  is  alike  good  as  a  guioe  for  the  student  and 

refrrence  for  the  experienced  horolognt  and  skilled  workman."— //i^rvAifkiB/  yeumml. 

"  The  Idlest,  the  most  complete,  and  the  most  reliable  of  those  literary  productioQs  i 
"  "      '  '       *  ...--.  ^^  ^^  English  I 

y<v€!:er,  and  Sih^rrmiiJk, 


as  a  reference  for  the  experienced  horol^ist  and  skilled  workman."- //i^rvAifkiB/  ?««n 
"  The  Idlest,  the  most  complete,  and  the  most  reliable  of  those  literary  productioi 
continental  watchmakers  are  indebted  for  the  mechanical  superiority  over  their  English  bietlucn 
—in  fact,  the  Book  of  Books,  is  M.  Saunter's  •Treatise.'"— /#'aiio*»«A4«r.  y<fwi   " 


THE  WATCH  ADJUSTER'S  MANUAL- 

A  Practical  Guide  for  the  Watch  and  Chronometer  Adjuster  in  Making, 
Springing,  Timing  and  Adjusting  for  Isochronism,  Positions  and  Temperatures. 
By  C.  E.  Fritts.    370  pp.,  with  Illustrations,  8vo,  cloth    .        .        .     16^ 

THE  WATCHMAKER'S  HANDBOOK. 

Intended  as  a  Workshop  Companion  for  those  engaged  b  Watchmaking  and 
the  Allied  Mechanical  Arts.  Translated  from  the  French  of  Claudius 
Saunier,  and  enlarged  by  Julien  Tripplin,  F.R.A.S.,  and  Edward 
Rigg,  M.A.,  Assayer  m  the  Royal  Mint.  Third  Edition.  8vo,  cloth.  O/O 
"  Each  part  is  truly  a  treatise  in  itseUl  The  arrangement  is  good  and  the  language  b  dear 
and  concise.     It  is  an  admirable  guide  forthc  young  watchmaker."— MnnHftriHg^. 


"  It  Ls  impov»ible  to  speak  too  highly  of  its  excellence.  It  Ailfils  every  reouirenMnt  to  a 
handbook  intended  for  the  use  of  a  workman.  Should  be  found  in  every  workshop.  —H^'atck  ami 
Ctockmaktr. 

A  HISTORY  OF  WATCHES  &  OTHER  TIMEKEEPERS. 

By  Ja>ies  F.  Kendal,  M.B.H.  Inst.    Boards,  1/6;  or  cloth,  gilt      .    2/6 
"  The  best  which  has  yet  appeared  on  this  subject  hi  the  English  Unguage."— AN^*ufr<f/. 
"  Open  the  book  where  you  may.  there  is  interesting  matter  in  it  coiKeming  the  ingenious 
devices  or  the  ancient  or  modem  horologcr.**— Sa/Mrirff^  Review. 

ELECTRO-DEPOSITION. 

A  Practical  Treatise  on  the  Electrolysis  of  Gold.  Silver,  Copper^  Nickel,  and 
other  Metals  and  Alloys.  With  Descriptions  oi  Voltaic  Batteries,  Magneto 
and  Dynamo-Electric  Machines,  Thermopiles,  and  of  the  Materials  and 
Processes  used  in  every  Department  of  the  Art,  and  several  Chapters  on 
Electro-Metallurgy.  By  Alexander  Watt,  Author  of  "Klectro- 
Metallurgy,"  &c  Third  Edition,  Revised.  Crown  8vo,  cloth  .  .  O/O 
"  Eminently  a  book  for  the  practical  worker  in  electro-deposition.    It  containspractical 

descriptions  of  methods,  processes  and  materials,  as  actually  pursued  and  used  in  the  workriiop." — 

£H£tHeer. 

ELECTRO-METALLURGY. 

Practically  Treated.    By  Alexander  Watt.    Tenth  Edition,  including  the 

most  recent  Processes.     i2mo,  cloth 8/6 

"  From  this  book  both  amateur  and  artisan  may  learn  e>-erytliing  necessary  for  the  succcvfii 
prosecution  of  electroplating."— /row. 

JEWELLER'S   ASSISTANT    IN    WORKING    IN    GOLD. 

A  Practical  Treatise  for  Masters  and  Workmen,  Compiled  from  the  Experience 
of  Thirty  Years'  Workshop  Practice.  By  George  E.  Gee,  Author  of  **  The 
Goldsmith's  Handbook,"  &c    Crown  8vo,  cloth 7/6 

•.--.I- "  ^'''*J?^V*'  **'  technfcal  education  Is  apparently  destined  to  be  a  valuable  anzflUiy  to  a 

bandKraJt  which  b  certainly  capable  of  great  ImprovemenL*'— r>kc  Times. 
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ELECTROPLATINQ. 

A  Practical  Handbook  on  the  Deposition  of  Copper,  Silver,  Nickel,  Gold. 
Aluminium,  Brass,  Platinum,  &c.,  &c.  By  J.  W.  Urquhart,  C.E.  Third 
Edition,  Revised.    Crown  8vo,  cloth G/O 

"  An  excellent  practical  ma.nuaL''—£MgiMfrriMg: 

*'  An  excellent  work,  giving  the  newest  information."— /Ktfro^pirw/  yoHmm', 

ELECTROTYPINQ. 

The  Reproduction  and  Multiplication  of  Printing  Surfaces  and  Works  of  Art 
by  the  Electro-Deposition  of  Metals.    By  J.  W.  Urquhart,  C.E.    Crown  8vo, 

cloth 6/0 

"  The  book  is  thorouglily  practical ;  the  reader  is,  therefore,  conducted  through  the  leading 

aws  of  electricity,  then  through  the  metals  used  by  elcctrotypcrs,  the  apparatus,  and  the  depositing 

processes,  up  to  the  final  preparation  of  the  work.  '—Art  Jouma', 

GOLDSMITH'S  HANDBOOK. 

By  George  E.  Gbb,  Jeweller,  &c.    Fifth  Edition,    tamo,  cloth    .       .    3/0 
*'  A  good,  sound  educator,  and  will  be  generally  accepted  as  an  authority."— //tfrw/^sfiVtt/ 
yourruU. 

SILVERSMITH'S  HANDBOOK. 

By  George  E.  Gke,  Jeweller,  &c.    Third  Edition,  with  numerous  Illustra- 
tions.   i3mo,  cloth 3/0 

"The  chief  merit  of  the  work  is  its  practical  character.  .  .  .  The  workers  in  the  trade  will 
speedily  discover  its  merits  when  they  sit  down  to  study  \x."—EHf!^b'sh  Mechanic. 

*♦*  The  above  two  works  together,  strongly  half-bound,  price  7s. 

SHEET  METAL  WORKER'S  INSTRUCTOR. 

Compruiing  a  Selection  of  Geometrical  Problems  and  Practical  Rules  for 
Describing  the  Various  Patterns  Required  by  Zinc,  Sheet-Iron,  Copper,  and 
Tin-Plate  Workers.  By  Reuben  Henry  Warn.  New  Edition,  Revised  and 
greatly  Enlarged  by  Joseph  G.  Horner,  A.M.I.M.E.  Crown  8vo,  254  pp., 
with  430  Illustrations,  cloth.  [Just  Published.    JIS 

BREAD    A    BISCUIT    BAKER'S    A  SUQAR-BOILER'S 

ASSISTANT. 

Including  a  large  variety  of  Modern  Recipes.    With  Remarks  on  the  Art  of 

Bread-making.   By  Robert  Wells.  Third  Edition.  Crown  8vo,  cloth  .   2/0 

"  A  large  number  of  wrinkles  for  the  ordinary  cook,  as  well  as  the  baker."— SaUtrday  ReiHew. 

PASTRYCOOK  &  CONFECTIONER'S  GUIDE. 

For  Hotels,  Restaurants,  and  the  Trade  in  general,  adapted  also  for  Family 
Use.    By  R.  Wells,  Author  of  **  The  Bread  and  Biscuit  Baker."    Crown  8vo, 

cloth 2/0 

"  We  cannot  speak  too  hi^^hly  of  this  really  excellent  work.    In  these  days  of  keen  comF>ctition 
our  readers  cannot  do  better  than  purchase  this  book."— ^aitrr'j  Times. 

ORNAMENTAL  CONFECTIONERY. 

A  Guide  for  Bakers.  Confectioners  and  Pastrycooks ;  including  a  variety  of 

Modem  Recipes,  ana  Remarks  on  Decorative  and  Coloured  Work.    With  120 

Original  Designs.    By  Robert  Wells.    Second  Edition.    Crown  8vo    .    6/0 

"  A  raluable  work,  practical,  and  should  be  in  the  hands  of  every  baker  and  confectioner. 

The  illustrative  dcsitrns  arc  alone  worth  treble  the  amount  charj^d  for  the  whole  ^ox\i."— Baker's 

Times. 

THE  MODERN  FLOUR  CONFECTIONER,  WHOLESALE 

a.  RETAIL. 

Containing  a  large  Collection  of  Recipes  for  Cheap  Cakes,  Biscuits,  &c.    With 

remarks  on  the  Ii^redients  Used  in  tneir  Manufacture.     By  Robert  Weli-S, 

Author  of  '*  The  Bread  and  Biscuit  Baker,"  &c    Crown  8vo,  cloth         .    2/0 

"  The  work  is  of  a  decidedly  practical  character,  and  in  everj-  recipe  regard  is  had  to  economical 

working. "—A^i^M  BriHsh  Daily  Mail. 

LAUNDRY  MANAGEMENT. 

A  Handbook  for  Use  in  Private  and  Public  Laundries.    By  the  Editor  of 

"  The  Laundry  Journal."    Third  Edition.    Crown  8vo,  cloth 2/0 

"  This  book  should  certainly  occupy  an  honoured  place  on  the  shelves  of  all  housekeepers 
who  wish  to  keep  themselves  au  ccnraHt  of  the  newest  appliances  and  methods."— T'A^  QneeK. 
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HANDYB00K8  FOR  HANDICRAFTS. 

BY  PAUL  N.  HASLUCK. 
Editor  of  "  Work  "  (New  Series),  Author  of  "  Lathe  Work,"  "  Milling  Machines"  &c- 
Crown  8vo,  144  pp.,  cloth,  price  is.  each. 
Tk«u  H  ANDVBOOKS  hav«  been  writUn  to  supply  informatumfor  Workmen. 
Students,  and  Amateurs  in  the  several  Handicraft,  on  the  actual  Practice  of 
the  WoRicsHOP.  and  are  intended  to  convey  in  plain  language  Tech.vical  Know- 
I.EDCE  of  the  several  Crafts.  In  describing  the  processes  employed,  and  the  manipu- 
lotion  of  material,  workshop  terms  are  used ;  tporkshop  practice  is  fully  explained  ; 
and  the  text  is  freely  illustrated  with  drawings  of  modem  tools,  appliances,  and 
processes.  

THE  METAL  TURNER'S  HANDYBOOK. 

A  Practical  Manual  for  Workers  at  the  Foot-Lathe.    With  over  xoo  Ilhi5- 

trations. I/O 

"  The  book  will  be  of  aerrke  alike  to  the  amateur  and  the  arthan  turner.    It  disi^ys 
thorough  knovledife  of  the  subject."— Sov/'xmmm. 

THE  WOOD  TURNER'S  HANDYBOOK. 

A  Practical  Manual  for  Workers  at  the  Lathe.     With  over  100  Illustrations 

1/0 

"  We  recommend  the  book  to  younf  turners  and  amateurs.    A  multitude  of  workmen  have 
hitherto  sought  in  vain  for  a  manual  of  this  special  industry."— J/^cAoiiiat/  U^orld. 

THE  WATCH  JOBBER'S  HANDYBOOK. 

A  Practical  Manual  on  Cleaning,  Repairing,  and  Adjusting.    With  upwards  of 

100  Illustrations 1  /Q 

"  We  strongly  advise  all  young  persons  connected  with  the  watch  trade  to  acquire  and  study 
this  inexpensive  work.*'— t7rri««w*//  Ckronidt, 

THE  PATTERN  MAKER'S  HANDYBOOK. 

A  Practical  Manual  on  the  Construction  of  Patterns  for  Founders.    With 

upwards  of  ICO  Illustrations I/O 

"  A  most  valuable,  if  not  indispensable  manual  for  the  pattern  maker."— A'M^w^^ur. 

THE  MECHANIC'S  WORKSHOP  HANDYBOOK. 

A   Practical   Manual  on    Mechanical  Manipulation,  embracing  Information 
on  varioiu  Handicraft    Processes.    With    Useful    Notes  and   Miscellaneous 

Memoranda.    Comprising  about  aoo  Subjects I/O 

••  A  very  clever  and  useful  book,  which  should  b^-  found  in  every  workshop ;  and  it  sbookl 
certainly  6nd  a  place  in  all  technical  schools.'— Sa/i/rt/o))  Kevitw. 

THE  MODEL  ENGINEER'S  HANDYBOOK. 

A  Practical  Manual  on  the  Construction  of  Model  Steam  Engines.    With 

upwards  of  100  Illustrations. I/O 

"  Mr.  Hasluck  has  produced  a  very  good  little  book."— /?«»Wfr. 

THE  CLOCK  JOBBER'S  HANDYBOOK. 

A  Practical  Manual  on  Cleaning,  Repairing,  and  Adjusting.    With  upwards  of 

xoo  Illustrations 1/0 

"  It  is  of  inestimable  service  to  those  commencing  the  trade."— Cmrw/ry  SianJanL 

THE  CABINET  MAKER'S  HANDYBOOK. 

A   Practical   Manual  on  the   Tools,   Materials,   Appliances,  and    Processes 
employed  in  Cabinet  Work.    With  upwards  of  100  Illustrations      .        .I/O 
"Mr.  Hasluck's  thorough-going  little  Handybook  is  amongst  the  most  practical  guides  we 
have  seen  for  beginners  in  caMnct-work."— 5a/Mn£ar)'  Ktvinv. 

THE     WOODWORKER'S     HANDYBOOK    OF    MANUAL 
INSTRUCTION. 

Embracing  Information  on  the  Tools,  Materials,  Affiances  and  Processes 
Employed  in  Woodworking.    With  104  Illustrations.        .        .        .        .I/O 
Opinions  of  the  Press. 
"  Written  by  a  man  who  knows,  not  only  how  work  ought  to  be  done,  but  bow  to  do  it,  and 
how  to  convey  his  knowledge  to  oH\cTs."—EH£ineeriHg, 

"  Mr.  Hasluck  writes  admirably,  and  gives  compute  instnictions.**- ieiv'tetfvr. 
"  Mr.  Hasluck  combines  the  experience  of  a  practical  teacher  with  the  manipulative  skill  and 
scientific  knowledge  of  processes  of  the  trained  mechanician,  and  the  ""f^"?H  are  marvels  of  what 
can  be  produced  at  a  popuUr  uncc."—ScA0a/mas/er. 

"  J?«*Pf"'  to  workmen  of  all  ages  and  degrees  of  experience."— Arf/y  Chrvnide. 
"PractkaU,  sensible,  and  remarkably  che»p.-'—yoMmat  q^EdMmti»H. 
••ConciMs.cloar  and  practical."— 5a/Mn/aty  ^rti^w. 
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LE5S0NS  IN  COMMERCE. 

By  Professor  R.  Gambako,  of  the  Royal  High  Commercial  School  at  Genoa. 

Edited  and  Revised  by  Tames  Gault,  Professor  of  Commerce  and  Commercial 

Law  in  King's  College,  London.   Second  Edition,  Revised.   Crown  8vo  .    3/6 

"  The  puldUhers  of  this  work  have  rendered  considerable  service  to  the  cause  of  commercial 

education  by  the  opportune  production  of  this  volume.  .  .  .  The  work  is  peculiarly  acceptable  to 

English  readers  and  an  admirable  addition  to  existing  class  books.    In  a  phrase,  we  think  the  work 

attains  its  object  in  furnishing  a  brief  account  of  thoM;  laws  and  customs  of  British  trade  with  which 

the  commercial  man  interested  therein  sliould  be  iam\^aj."—C/tatnbir  o/'Commera  yonma/. 

'*  An  invaluable  guide  in  the  hands  of  those  who  are  preparing  for  a  commercial  career,  and, 
in  fact,  the  information  it  contains  on  matters  of  business  should  be  impressed  on  every  one."— 
CeunttHg  HoHse. 

THE  FOREIGN  COMMERCIAL  CORRESPONDENT. 

Being  Aids  to  Commercial  Corresi>ondencc  in  Five  Languages— English. 
French,  German,   Italian,  and  Spanish.     By  Conrad  E.   Baker.    Second 

Edition.    Crown  8vo,  cloth 3/6 

"  Whoever  wishes  to  correspond  in  aO  the  languages  mentioned  by  Mr.  Baker  cannot  do 
better  than  study  this  work,  the  materials  of  which  are  excellent  and  conveniently  arranged.  They 
consist  not  of  entire  specimen  letters,  but— what  are  for  more  useful— short  passages,  sentences,  or 
phrases  expressing  the  same  general  idea  in  various  fonns." — AthtnteHiH. 

"  A  careful  examination  has  convinced  us  that  it  is  unusuaDy  complete,  well  arranged  and 
r^able.    The  book  is  a  thoroughly  good  one."—Sch00imaster. 

A  NEW  BOOK  OF  COMMERCIAL  FRENCH. 

Grammar  —  Vocabulary  —  Correspondence  —  Commercial  Documents  —  Geo- 
graphy—Arithmetic— Lexicon.    By  P.  Carrou^,  Professor  in  the  City  High 

School  J.— B.  Say  (Paris).    Crown  8vo,  cloth 4/6 

*•  M.  Carrou^*s  book  is  a  vad<  mecum  of  commercial  French,  and  would  be  distinctly  In  its 
place  in  every  merchant's  office.    Nothing  better  could  be  ii^xisA."—Eductttumat  Tinus. 

FACTORY  ACCOUNTS:  their  PRINCIPLES  &  PRACTICE. 

A  Handbook  for  Accountants  and  Manufacturers,  with  Appendices  on  the 
Nomenclature  of  Machine  Details;  the  Income  Tax  Acts;  the  Rating  of 
Factories ;  Fire  and  Boiler  Insurance  ;  the  Factory  and  Workshop  Acts,  &c., 
including  also  a  Glossary  of  Terms  and  a  large  number  of  Specimen  Rulings. 
By  Emile  Garcke  and  J.  M.  Feli.s.    Fotxrth  Edition,  Revised  and  Enlarged. 

Demy  8vo,  250  pp.,  strongly  bound 6/0 

"  A  very  interesting  description  of  the  requirements  of  Factory  Accounts.  .  .  .  Tlie  principle 

of  assimilating  the  Factory  Accounts  to  the  general  commercial  books  is  one  which  we  thoroughly 

^ree  with,"— ^a»«Mtoi«/j-'  Journal. 

"  Characterised  by  extreme  thoroughness.    There  are  few  owners  of  factories  who  woukl  not 

derive  great  benefit  from  the  perusal  of  this  most  admirable  wotk."— Local  Gavemment  CkronicU 

MODERN  METROLOGY. 

A  Manual  of  the  Metrical  Units  and  Systems  of  the  present  Century.  With 
an  Appendix  containing  a  proposed  English  System.  By  Lowis  D.  A. 
Jackson,  A.  M.  Inst.  C.  E,,  Author  of  *'  Aid  to  Survey  Practice,"  &c    Large 

crown  8vo,  cloth 1 2/6 

"  We  recommend  the  work  to  all  interested  in  the  practical  reform  of  our  weiglits  and 
measures."— -A'a/wrr. 

A  SERIES  OF  METRIC  TABLES. 

In  which  the  British  Standard  Measures  and  Weights  are  compared  with  those 
of  the  Metric  System  at  present  in  Use  on  the  Continent.    ByC.  H.  Dowlinc, 

C.E.    8vo,  strongly  bound 10/6 

"Mr.  DowUng's  Tables  arc  well  put  together  as  a  ready  reckoner  for  the  conversion  of  one 
system  into  the  other."— j4 tArmeum. 

THE  IRON  AND  METAL  TRADES'  COMPANION. 

For  Expeditiously  Ascertaining  the  Value  of  any  Goods  bought  or  sold  by 
Weight,  from  is.  per  cwt.  to  112s.  per  cwt.,  and  from  one  farthing  per  pound  to 
one  shilling  per  pound.     By  Thomas  Downie.    396  pp.,  leather    .        .    9/0 

"  A  most  useful  set  of  tables,  nothing  like  them  before  existed."— BmMIhj^  Nrtvs. 

"  Although  specially  adapted  to  the  iron  and  metal  trades,  the  tables  wifl  be  found  useful  in 
every  other  business  in  which  merchandise  is  bought  and  sold  by  weight."— /fat'^co)'  A'rtvs. 
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NUMBER,  WEIGHT,  AND  FRACTIONAL  CALCULATOR. 

Containing  upwards  of  aso,oo3  Separate  Calculations,  showing  at  a  Glance  the 

Value  at  43a  Different  Rat«,  rangmg  from  ri^th  of  a  Penny  to  sos.  each,  or  per 

cwt.,  and  £20  per  ton,  of  any  number  of  arucles  consecutively,  from  z  to  470. 

Any  number  of  cwts.,  ars.,  and  lbs.,  from  i  cwl  to  470  cwts.    Any  number  of 

tons,  cwts.,  qrs.,  and  lbs.,  from  z  to  1,000  tons.     By  William  Chadwick, 

Public  Accountant.    Third  Edition,  Revised.    8vo,  strongly  bound    .    1 8/0 

"  It  is  as  easy  of  reference  for  any  answer  or  any  number  of  answers  as  a  cUctkmarjr.    For 

niakinflT  up  accounts  or  estimates  the  book  must  prove  invaluable  to  all  who  have  any  coosklenible 

quantity  of  calculations  involving  price  and  measure  In  any  combination  to  6o,''—£ngiH€er. 

■^The  most  perfect  work  of  the  kind  yet  prepared."— <P/«J5pfftp  HtraUL 

THE  WEIGHT  CALCULATOR. 

Beine  a  Series  of  Tables  upon  a  New  and  Comprehensive  Plan,  exhibiting  at 
one  Reference  the  exact  Value  of  any  Weight  from  i  lb.  to  15  tons,  at  300 
Progressive  Rates,  from  xd,  to  1685.  per  cwt.,  and  containing  186,000  Direct 
Answers,  which,  with  their  Combinations,  consisting  of  a  single  addition 
(mostly  to  be  performed  at  sight),  will  aJfTord  an  agg^gate  of  zo,a66,ooo 
Answers ;  the  wtiole  being  calculated  and  designed  to  ensure  correctness  and 
promote  despatch.  By  Henky  Harbbn,  Accountant.  Fifth  Edition,  carefufly 
Corrected.    Koyal  8vo,  strongly  half-bound       .....    £1  ffs. 

"  A  practical  and  useful  work  of  reference  for  men  of  business  generalhr."— /rvM MMwirr. 

"  or  priceless  value  to  business  men.  It  is  a  necessary  book  in  aU  mercantile  offices.'— 
Shiffitid  ImdeptndtHt. 

THE  DISCOUNT  GUIDE. 

Comprising  several  Series  of  Tables  for  the  Use  of  Merchants,  Manufacttirers, 
Ironmongers,  and  Others,  by  which  may  be  ascertained  the  Exact  Profit  arising 
from  anv  mode  of  using  Discounu,  either  in  the  Purchase  or  Sale  of  Goods,  and 
the  method  of  either  Altering  a  Rate  of  Discount,  or  Advancing  a  Price,  so  as 
to  produce,  by  one  operation,  a  sum  that  will  realise  anv  required  Profit  after 
allowing  one  or  more  Discounts :  to  which  are  added  Tables  of  Prc^t  or 
Advance  from  i^  to  90  per  cent..  Tables  of  Discount  from  x|  to  98I  per  cent., 
and  Tables  of  Commission,  &c,  from  |  to  10  per  cent.  By  Henry  Harbsn, 
Accountant.  New  Edition,  Corrected.  Demy  8vo,  half-bound  .  £1  6s. 
"  A  book  such  as  this  can  only  be  appreciated  by  business  men.  to  whom  the  savincr  of  time 

means  saving  of  money.    The  work  must  prove  of  great  value  to  merchants,  manu^turers,  and 

general  traders."— Ari^A  Trade  JoHmal. 

TABLES  OF  WAGES. 

At  54,  53,  50  and  ^8  Hours  per  Week.  Showing  the  Amounts  of  Wages  from 
One-quarter-of-an-tiour  to  Sixty-foiur  hours,  in  each  case  at  Rates  of  Wages 
advancing  by  One  Shilling  from  45.  to  55*.  per  week.  By  Thos.  Garbittt, 
Accountant.    Sqtiare  crown  8vo,  hjdf-boimd 6/0 

IRON-PLATE  WEIGHT  TABLES. 

For  Iron  Shipbuilders,  Engineers,  and  Iron  Merchants.  Containing  the 
Calculated  Weights  of  upwards  of  150,000  different  sizes  of  Iron  Plates  from 
X  foot  by  6  in.  by  J  in.  to  10  feet  by  q  feet  by  i  in.  Worked  out  on  the  Basis  of 
40  lbs.  to  the  square  foot  of  Iron  of  x  inch  in  thickness.  By  H.  Burlinsok 
and  W.  H.  Simpson.    4to,  half-bound £1  5s. 

MATHEMATICAL  TABLES  (ACTUARIAL). 

Comprising  Commutation  and  Conversion  Tables,  Logarithms,  Cologarithms. 
Antilogarithms  and  Reciprocals.  By  J.  W.  Gordon.  Koyal  8vow  mounted 
on  canvas,  in  cloth  case.  [/*»<  Publisfud.    5/0 
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THE    COMPLETE    QRAZIER    AND     PARMER'S    AND 

CATTLB  BRBBDER*S  ASSISTANT. 

A  Compendium  of  Husbandry.    Originally  Written  by  William  Youatt, 
Thirteenth  Edition,  entirely  Re-written,  considerably  Enlarged,  and  brought 
up   to  the  Present   Reauirements  of  Agricultural    Practice,    by   William 
Frbam,  LL.D.,  Steven  Lecturer  in  the  University  of  Edinburgh,  Author  of 
"The  Elements  of  Agriculture,"  &c.     Royal    8vo,   1,100   pp^    with   over 
450  Illustrations,  strongly  and  handsomely  bound  .        .        .    £1   lis.  60. 
summary  of  Contents. 
Book  I.  on  the  Varieties,  breeding.     \    Bookvii.   on  the  Breeding.  Rearing, 
Rearing.    Fattening  and   Manage-  and  Management  of  Poultry, 

ment  of  Cattle.  Book  VIII.     on    Farm    offices    and 

Book  II.    On  the  Economy  and  Man-    I       Impleme.nts  of  husbandry. 

ACBMENT  of  THE  DAIRY.  I   BOOK  IX.  ON  THE  CULTURE  AND  MAN- 

Book  III.   on  the  Breeding.  Rearing.  agemhnt  of  Grass  Lands. 

AND  Management  of  Horses.  I    Book  X.    On   the   Cultivation    and 

Book  iv.   on  the  Breeding.  Rearing,     ,       application  of  Grasses,  pulse  and 

AND  Fattening  of  sheep.  Roots. 

Book  v.   on  the  Breeding.  Rearing,        Book   XI.     On   Manures   and   their 
AND  Fattening  of  swine.  I       application    to    Grass    Land   and 

Book  VI.    On  the  Diseases  of  Live  Crops. 

Stock,  Book  XII.    Monthly   Calendars  ok 

Farmwork. 
♦♦•   Opinions  of  the  Press  on  the  New  Edition. 
"  Dr.  Fream  Is  to  lie  congratuLitf^  on  the  successful  .itteropt  he  has  made  to  give  us  a  work 
which  will  at  once  become  the  standard  classic  of  the  farm  practice  of  the  country.    We  believe 
that  it  will  be  found  thut  it  has  no  compeer  among  the  many  works  at  present  in  existence.    .    . 
The  illustrations  are  admirable,  while  the  frontispiece,  which  represents  the  well-known  bull, 
New  Year's  Gift,  bred  by  the  yueen.  b  a  work  of  art."—  TMe  Times 

"The  hook  must  be  recognised  as  occupying  the  proud  position  of  the  most  exhaustive  work 
of  reference  in  the  English  language  on  the  subject  with  which  it  deals."— ^Mr«<r«»». 

"  The  most  comprehensive  guide  to  modem  farm  practice  that  exists  in  the  English  language 
to^lay  .  .  .  The  book  is  one  that  ought  to  l>e  on  every  farm  and  in  the  library  of  every  land 
owner.**— A/la r*  Lane  Express. 

"  In  point  of  exbaustivencss  and  accuracy  the  work  will  certainly  hold  a  pre-eminent  and 
unique  position  among  books  dealing  with  scientific  agricuhural  practice.  It  is,  in  fact,  an  agricul- 
tural library  of  itself.  —AVrrt  British  Aericutturist. 

"  A  compendium  of  authoritative  and  well-ordered  knowledge  on  every  cu.tceivable  branch  of 
the  woric  of  the  live  stock  fanner;  probably  without  an  equal  in  this  or  any  other  countr)-."— 
YerkshiTt  Post. 

FARM  LIVE  STOCK  OF  GREAT  BRITAIN. 

By  Robert  Wallace,  F.L.S.,  F.R.S.E..  &c.,  Professor  of  Agriculture  and 

Rural  Economy  in  the  University  of  £kiinDurgh.    Third  Edition,  thoroughly 

Revised  and  considerably  Enlarged.      With  over  lao  Phototypes  of  Prize 

Stock.    Demy  8vo,  384  pp.,  with  79  Plates  and  Maps,  cloth.        .  1 2/6 

"  A  really  complete  work  on  the  history,  breeds,  and  management  of  the  farm  stock  of  Great 

Britain,  and  one  which  is  likely  to  find  its  way  to  the  shelves  of  every  country  gentteman's  library." 

—  r**  Times. 

"  The  latest  edition  of '  Farm  Live  Stock  of  Great  Britain '  is  a  production  to  be  proud  of,  and 
hs  Issue  not  the  least  of  the  services  which  its  author  has  rendered  to  agricultural  science."— 
Scottish  Farmer. 

"The  book  b  very  attractive,  .  .  .  and  wo  con  scarcely  imagine  the  existence  of  a 
fofiiMr  who  would  not  like  to  have  a  copy  of  this  beautiful  and  usefUl  work.  —Afar Jb  Lane  Exfress. 

NOTE-BOOK  OF  AGRICULTURAL  FACTS  &  FIGURES 

FOR  FARMERS  AND  FARM  STUDENTS. 

By  Primrose  McConnkll,  B.Sc^  Fellow  ot  the  Highland  and  Agricultural 
Society,  Author  of  "  Elements  of  Farming."  Sixth  Edition,  Rewritten,  Revised, 
and  greatly  Enlarged.      Fcap.  Bvo,  480  pp.,  leather. 

IJust  Publisfud.    6/0 

Sl'MMARY     OF     CONTENTS:         SlR\  EYING      AND      LEVELLING.  —  WEIGHTS      AND 

MEASURES.- Machinery   and    Buildings.—  Labour.  — operations.—  Drainin<;.— 

EMBANKING.—  GEOLOGICAL    MEMORANDA.-  SOILS.—  MANI'RES.—  CROPIM.NG.—  CROPS.— 

Rotations.  —  Weeds.—  Feeding.  —  Dairying.—  Live  Stcktk.  —  Horses,  —  Catile.  — 
Sheep.— Pigs.— Poultry.— Forestry.— Horticulture.— Miscellaneous. 

"  No  farmer,  and  certainly  no  agricultural  student,  ought  to  be  without  this  multum  in  parvo 
manual  of  all  subjects  connected  with  the  farm.'- AVr/*  British  A^ricMlturist. 

"  This  little  pocket-book  contains  a  large  amount  of  useful  information  upon  all  kinds  of  agri- 
cultural subjects.    Something  of  the  kind  has  long  been  wanted."- .War*  Lane  Express. 

"The  .nmount  of  information  it  contains  b  most  surprising ;  the  arrangement  of  the  matter  Is 
so  methotlical— although  so  compressed— as  to  be  intelligible  to  everyone  who  takes  a  glance  through 
its  pages.    They  teem  with  information."— /a rw  and  tiome. 
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44      Crosby  lockwood  <^  sons  cataLOgV^, 
british  dairying. 

A  Handy  Volume  on  the  Work  of  the  Dairy*  Farm.     For  the  Use  of  Technical 

Instrucuon  Classes,  Students  in  Agricultural  G>ll^es  and  the  Working  Dtury- 

Farmer.    By  Prof.  J.  P.  Sheldon.     With  Illustrations.     Second  Edition, 

Revised.    Crown  8vo,  cloth.  [Just  Pubtished.    2/6 

••  Confidently  reconunended  as  a  useful  text-book  on  dairy  (»ra^ixm.''—^^ricuJtmna/  Giutette, 

"  Probably  the  best  half-crown  manual  oo  dairy  work  that  has  yet  been  produced." — N^rtk 

British  jirruM/tMrist 

"  It  u  the  soundest  little  work  we  have  yet  seen  on  the  subject."— TA^  Times. 

MILK,  CHEESE,  AND  BUTTER. 

A  Practical  Handbook  on  their  Properties  and  the  Processes  of  their  Produc- 
tion. Including  a  Chapter  on  Cream  and  the  Methods  of  its  Separation  from 
Milk.  By  Iohn  Oliver,  late  Principal  of  the  Western  Dairy  Institute, 
Berkeley.    With  Coloured  Plates  and  200  Illustrations.    Crown  8vo,  cloth. 

7/6 

"  An  exhaustive  and  masterly  production.  It  may  be  cordially  reconunended  to  all  students 
and  practitioners  of  dairy  science.  —iV*rtA  British  AzricutturisL 

"  We  n^romniend  this  very  comprehensive  aiKl  carefully-written  book  to  dairy-farmers  and 
students  of  dairying.  It  is  a  distinct  acquisition  to  the  library  of  the  agriculturist.''— ./<rriCMi/t(r»/ 
Oajr</t€ 

SYSTEMATIC  SMALL  FARMING. 

Or,   The  Lessons  of  My  Farm.    Being  an   Introduction  to  Modern   Farm 
Practice  for  Small  Farmers.     By  R.  Scott  Burn,  Author  of  "  Outlines  of 
Modern  Farming,"  &c.    Crown  8vo,  cloth.        ......    6/0 

"  This  is  the  coroplctcst  book  of  its  class  we  have  seen,  and  one  which  every  amateur  farmer 
win  read  with  pleasure,  and  accept  as  a  guide."— Fit, 'd. 

OUTLINES  OP  MODERN  FARMING. 

By  R.  Scott  Burn.  Soils,  Manures,  and  Crops — Farminf^  and  Farming 
Economy — Cattle,  Sheep,  and  Horses— Management  of  Dauy^  Pigs,  and 
Poultry — Utilisation  of  Town-Sewage,  Irrigation,  &c.  Sixth  Exlition.  In  One 
Vol.,  1,250  pp.,  half'bound,  profusely  Illustrated 1 2/0 

FARM  ENQINEERINQ,  The  COMPLETE  TEXT-BOOK  of. 

Comprising  Draining  and  Embanking  ;  Irrigation  and  Water  Supplv ;  Farm 
Roads,  Fences  and  Gates  ;  Farm  Buildings  ;  Bam  Implements  and  Machines ; 
Field  Implements  and  Machines  ;  Agricultural  Surveying,  &c.  By  Professor 
John  Scott.    In  One  Vol.,  1,150  pp.,  half-bound,  with  over  600  Illustrations. 

12/0 

"  Wriuen  with  great  care,  as  well  as  with  knowledge  and  ability.  The  author  has  done  bis 
work  well ;  wc  have  found  him  a  very  trustworthy  guide  where>'er  we  have  tested  his  statements. 
The  volume  will  be  of  great  value  to  agricultural  students."— J/ar^  Lapu  Exprtss. 

THE  FIELDS  OF  GREAT  BRITAIN. 

A  Text-Book  of  Agriculture.  Adapted  to  the  Syllabus  of  the  Science  and 
Art  Department.  For  Elementary  and  Advanced  Students.  By  Hugh 
Clements  (Board  of  Trade).     Second  Edition,  Revised,  with  Additions. 

i8mo,  cloth 2/6 

"  It  is  a  long  time  since  we  have  seen  a  book  which  has  pleased  us  more,  or  which  contains 
such  a  vast  and  useful  fund  of  knowledge."— i?<//Ma/^Ha/  Times. 

TABLES  and  MEMORANDA  for  FARMERS,  GRAZIERS, 

AQRICULTURAL  5TUDBNT5,  SURVEYORS,  LAND  AQENTS, 
AUCTI0NBBR5,  &c. 

With  a  New  System  of  Farm  Book-keeping.  By  Sidney  Francis.  Third 
Edition,  Revised.    372  pp.,  waistcoat -pocket  size,  limp  leather  -1/6 

"  Weighing  less  than  i  oz.,  and  occupying  no  more  space  than  a  match-box,  it  contains  a  ma&s 
of  factsand  calculations  which  has  never  bclurc,  in  such  handy  form,  been  obtainatde.  Every 
operation  on  the  farm  is  dealt  with.  The  work  may  be  taken  as  thoroughly  accurate,  the  whole  of 
the  tables  having  been  revised  by  Dr.  Fream.  We  cordially  recommend  \!L"—BeWs  ff^eeJt(jr 
Messenger. 

THE     ROTHAMSTED     EXPERIMENTS    AND    THEIR 

PRACTICAL  LBS30N5  FOR  PARMBR5. 

Part  I.  Stock.     Part  II.  Crops.     By  C.  J.  R.  Tipper.    Crown  8vo,  cloth. 

[Just  Published.    8/6 

fc.»-,J12!i*i  ***I!i'*°.  '***"^  *****  *•*«  •'^o's  ^i"  ^  welcomed  by  a  large  class  of  farmers  and  others 
ratercstcd  hi  agricuUure."— JA»««A»rrf: 
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PPRTILISERS   AND   FEEDING   STUFFS. 

A  Handbook  for  the  Practical  Farmer.     By  Bernard  Dver,  D.Sc.  (Lond.). 

With  the  Text  of  the  Fertilisers  and  Feeding  Stuffs  Act  of  1891.  &c.    Third 

Edition,  Revised.     Crown  8vo,  cloth.  [/»«'  Published.     1  /Q 

"This  little  book  Is  precisely  what   it  profcuscs  to  be— 'A   Handbook  for  the  Practical 

Farmer.'    Dr.   Dyer  has  done  famiers  jfood  scr>-!cc  in  placing  at  tlicir  disposal  so  much  useful 

information  in  so  lutelHi^ble  a  form."— TAf  Timts 


BEES  FOR  PLEASURE  AND  PROFIT. 

A  Guide  to  the  Manipulation  of  Bees,  the  Production  of  Honey,  and  the 
General  Management  of  the  Apiarv.  By  G.  Gordon  Samson.  With 
numerous  Illustrations.    Crown  8vo,  cloth 1/0 


BOOK-KEEPING  for  FARMERS  and  ESTATE  OWNERS. 

A  Practical  Treatise,  presenting,  in  Three  Plans,  a  Syuem  adapted  for  all 
Classes   of   Farms.    By   Johnson    M.    Woodman,    Chartered    Accountant. 
Second  Edition,  Revised.   Crown  Bvo,  cloth  boards,  8/6 ;  or,  cloth  limp,  2/6 
"  The  volume  b  a  capital  study  of  a  most  important  subject."— y<fr»n#//Mm/  Gasette. 

WOODMAN'S  YEARLY  FARM  ACCOUNT  BOOK. 

Giving  Weekly  Labour  Account  and  Diary,  and  showing  the  Income  and 
Expenditure  under  each  Department  of  Crops,  Live  Stock,  Dairy,  &c.,  &c. 
With  Valuation,  Profit  and  Loss  Account,  and  Balance  Sheet  at  the  End  of  the 
Year.     By  Johnson  M.  Woodman,  Chartered  Accountant.    Second  Eklition. 

Folio,  half-bound 7/6  AV/- 

"Contains  every  requisite   form   for  keeping   farm  accounts  readily  and  accurately."— 
AgricMlturt. 

THE  FORCING  GARDEN. 

Or,  How  to  Grow  Early  Fruits,  Flowers  and  Vegetables.  With  Plans  and 
Estimates  for  Building  Glasshouses,  Pits  and   Frames.     With   Illustrations. 

By  Samuel  Wood.    Crown  Bvo,  cloth 3/6 

"  A  good  book,  containing  a  great  deal  of  valuable  teaching." — Gardtner's  Mctgaaine, 

A  PLAIN  GUIDE  TO  GOOD  GARDENING. 

Or,  How  to  Grow  Vegetables,  Fruits,  and  Flowers.  By  S.  Wood.  Fourth 
Edition,  with  considerable  Additions,   and  numerous   Illustrations.     Crown 

Bvo,  cloth 8/6 

"  A  very  good  book,  and  one  to  be  highly  recommended  as  a  practical  guide.    The  practical 
directions  arc  excellent.**— .^M«r<r«»i. 

MULTUM-IN-PARVO  GARDENING. 

Or,  How  to  Make  One  Acre  of  Land  produce  £fi/3a  a  year,  by  the  Cultivation 
of  Fruits  and  Vegetables  ;  also.  How  to  Grow  Flowers  in  Three  Glass  Houses, 
so  as  to  realise  ^^176  per  annum  clear  Profit.  By  Samuel  Wood,  Author  of 
"  Good  Gardening,   &c.     Fifth  and  Cheaper  Edition,  Revised,  with  Additions. 

Crown  Bvo,  sewed 1/0 

"  We  are  bound  to  recommend  it  as  not  only  suited  to  the  case  of  the  amateur  and  gentle 
man's  gardener,  but  to  the  market  grower."— Carrf/«?rj*  Magasint. 

THE  LADIES'  MULTUM-IN-PARVO  FLOWER  GARDEN. 

And  Amateur's  Complete  Guide.    By  S.  Wood.    Crown  Bvo,  cloth        .    3/6 
"  Fun  of  shrewd  hints  and  useful  instructions,  based  on  a  lifetime  of  experience."— Scv/rmaM. 

POTATOES-.  HOW  TO  GROW  AND  SHOW  THEM. 

A  Practical  Guide  to  the  Cultivation  and  General  Treatment  of  the  Potato. 
By  J.  Pink.    Crown  Bvo 2/0 

MARKET  AND  KITCHEN  GARDENING. 

By  C.  W.  Shaw,  late  Fxlitor\>f  "  Gardening  Illustrated."    Cloth  .        .    3/6 
"Tt>e  most  valuable  compendium  of  kitcbeo  and  market-garden  work  pobUshed."— /VtrMrr. 
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AUCTIONEERING,    VALUING,    LAND 
SURVEYING,  ESTATE  AGENCY,  &c. 


THE   APPRAISER,   AUCTIONEER,    BROKER,    HOUSE 

AND  aSTATB  AQBNT  AND  VALUBR'3  POCKBT  ASSISTANT. 

For  the  Valuation  for  Purchase,  Sale,  or  Renewal  of  Leasee  Annuities,  and 
Reversions,  and  of  Property  generally ;  with  Prices  for  Inventories,  &c    By 

ioHN  Whbelkr,  Valuer,  &c.    Sixth  Edition.  Re-written  and  greatly  Extended 
y  C.  NoRRis,  Surveyor,  Valuer,  &c.    Royal  32mo,  cloth       .        .        .    6/0 
"  A  neat  and  concise  book  of  reference,  containing  an  admirable  and  clearljr-arranged  list  of 
prices  for  inventories,  and  a  veiy  practical  (niide  to  dctennine  the  value  of  furniture,  8cc."—Standard. 
"  Contains  a  large  quantity  of  varied  and  useful  information  m  to  the  valuation  for  purRhasr. 
sale,  or  renewal  of  leases,  annuities  and  reversions,  and  of  property  generaOy,  with  prices  for 
invmtories,  and  a  guide  to  determine  the  value  of  interior  fittings  and  other  effects."— ^M^Virr. 

AUCTIONEERS:  THEIR  DUTIES  AND  LIABILITIES. 

A  Manual  of  Instruction  and  Counsel  for  the  Young  Auctioneer.  By  Robert 
Squibbs,  Auctioneer.    Second  Ekiition,  Revised  and  partly  Re-written.    Demy 

8vo,  cloth 12/6 

"  The  standard  text-book  on  the  topics  of  which  it  \n».t&.'—AthgHttutn. 
"The  work  is  one  of  general  excellent  character,  and  gives  much  information  In  a  com* 
pendious  and  satisfactory  farm." —Builder. 

"  May  be  recommended  as  giving  a  great  deal  of  information  on  the  law  relating  to 
auctioneers,  in  a  very  readable  fonn.  —Law  youmoL 

"  Auctioneers  may  be  congratulated  on  having  so  pleasing  a  writer  to  minister  to  their  special 
Txeed%."—S0.'intors'  yonrnai. 

TABLES  FOR  THE  PURCHASING  OF  ESTATES: 
PRBBHOLD,  COPYHOLD,  OR  LBASBHOLD;  ANNUITIES, 
ADV0W50NS,  Ac 

And  for  the  Renewing  of  Leases  held  under  Cathedral  Churches,  CoU^es,  or 
other  Corporate  bodiesL  for  Terms  of  Yeiu^  certain,  and  for  Lives ;  sdao  for 
Valuing  Keveruonary  Estates,  Deferred  Annuities,  Next  Presentations,  &c. ; 
together  with  Smart  s  Five  Tables  of  Compound  Interest,  and  an  Extension 
of  the  same  to  Lower  and  Intermediate  Rates.  By  W.  In  wood.  24th  Eklitioo, 
with  considerable  Additions,  and  new  and  valuable  Tables  of  Logarithms  for 
the  more  difficult  Computations  of  the  Interest  of  Money,  Discount,  Annttities, 

&c.,  by  M.  Fedor  Thoman.    CrouTi  8vo,  cloth 8/0 

"  Those  interested  in  the  purchase  and  sale  of  estates,  and  in  the  adjustment  of  compensatioo 

cases,  as  well  as  in  transactions  in  annuities,  life  insurances  Sec.,  will  find  the  present  cdttioa  ni 

eminent  service." — Em^Meeritt^. 

'"Inwood's  Tables'  still  maintain  a  most  enviable  reputation.    The  new  issue  has  been 

enriched  by  larife  additional  contributions  by  M.  FMor  Thoman,  whose  carefully  arranifed  Tables 

cannot  fail  to  be  of  the  utmost  utility."— -f/^t«^  yournal. 

THE  AGRICULTURAL  VALUER'S  ASSISTANT. 

A  Practical  Handbook  on  the  Vailuation  of  Landed  Estates  ;  including  Rules 
and  Data  for  Measuring  and  Estimating  the  Contents,  Weights  and  Values  of 
Agricultural  Produce  and  Timber,  and  the  Values  of  Feeding  Stuffs,  Manures, 
and  Labour  ;  with  Forms  of  Tenant-Right  Valuations,  Lists  of  Local  Agricul- 
tural Customs,  Scales  of  Compensation  under  the  Agricultural  Holdings  Act, 
&c.,  &c.    By  Tom  Bright,  Agricultural  Siu^eyor.    Second  Edition,  Enlarged. 

Crown  8vo,  cloth 6/0 

"  FuD  of  tables  and  examples  in  connection  with  the  valuation  of  tenant-rigtat,  estates,  labour, 

contents  and  wcitflits  of  timber,  and  farm  produce  of  all  kinds."— ^rru-«  turaJ  Gagette. 

"  An  eminently  practical  handbook,  full  of  practical  tables  and  data  of  undoubted  interest  and 

value  to  surveyors  and  auctioneers  in  preparing  valuations  of  .til  kinds."— farmer. 

POLE  PLANTATIONS  AND  UNDERWOODS. 

A  Practical  Handbook  on  Estimating  the  Cost  of  Forming,  Renovatitig, 
Improving,  and  Grubbing  Plantations  and  Underwoods,  their  Valuadon  tw 
Purposes  of  Transfer,  Rental,  Sale  or  Assessment.    By  Tom  Bright.    Crown 

8vo,  cloth 3/Q 

'.'TS  )?'"?'*!  fo'"<*»tc"  and  agents  it  will  be  a  welcome  aid."— AVrr*  British  AgHatltttriU. 
»«^    ^  ilf  V[  c«>cuhted  to  assist  the  valuer  in  the  dlschargd  of  his  duties,  and  of  undoubted  intweat 
and  use  both  to  surveyors  and  auctioneers  in  preparing  valuations  of  AJlVinds,--A>i/^*ni4<. 
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THE  LAND  VALUER'S  BEST  ASSISTANT. 

Being  Tables  on  a  very  much  Improved  Plan^  for  Calculating^  the  Value  of 
Esutes.  With  Tables  for  reducing  Scotch,  Irish,  and  Provincial  Customary 
Acres  to   Statute    Measure.  &c.    By    R.    Hudson,    C.E.      New   Edition. 

Royal  33mo,  leather,  elastic  band  4/0 

"Of  incalculable  value  to  the  country  gentleman  and  professional  man.  **—/anM/rf'  yournat. 

THE  LAND  IMPROVER'S  POCKET-BOOK. 

Comprising  FormuUe,  Tables,  and  Memoranda  required  in  any  Computation 
relating  to  the  Permanent  Improvement  of  Landed  Property.  By  TohnEwart, 
Surveyor.    Second  Edition,  Revised.    Royal  32mo,  oblong,  leather       .    4/0 
"  A  compendious  and  handy  little  volume."— 5;^A4a/«r. 

THE    LAND   VALUER'S    COMPLETE    POCKET-BOOK. 

Being  the  above  Two  Works  bound  together.      Leather  ....    7/6 

HANDBOOK  OF  HOUSE  PROPERTY. 

A  Popular  and  Practical  Guide  to  the  Purchase,  Mortgaffe,  Tenancy,  and 
Compulsory  Sale  of  Houses  and  Land,  including  the  Law  of  Dilapidations  and 
Fixtures :  with  Examples  of  all  kinds  of  Valuations,  Useful  Information  on 
Building  and  Suggesuve  Elucid  itions  of  Fine  Art.  By  E.  L.  Tarbuck, 
Architect  and  Surveyor.     Fifth  Eklition,  Enlarged,     izmo,  cloth    .        .    fi/Q 


LAW  AND  MISCELLANEOUS. 


MODERN  JOURNALISM. 

A  HarKibook  of  Instruction  and  Counsel  for  the  Young  Journalist.    By  John 
B.  Mackie,  Fellow  of  the  Institute  of  Journalists.    Crown  8vo,  cloth    .    2/0 
"  This  invaluable  guide  to  Joumalirm  is  a  work  which  all  aspirants  to  a  Journalistic  career  will 
read  with  advantage."— ya«r»««/irA 

HANDBOOK  FOR  SOLICITORS  AND  ENGINEERS 

Engaged  in  Promoting  Private  Acts  of  Parliament  and  Provisional  Orders  for 
the  Authorisation  of  Railways,  Tramwavs,  Gas  and  Water  Works,  &c. 
By  L.  Livingstone  Macassev,  of  the  Nfiddle  Temple,  Barrister-at>Law, 
M.  Inst.  C.  E.    8vo,  cloth £1   6s. 

PATENTS  for  INVENTIONS,  HOW  to  PROCURE  THEM. 

Compiled  for  the  Use  of  Inventors,  Patentees  and  others.  By  G.  G.  M. 
Hardincham,  Assoc.  Mem.  Inst.  C.  E.,  &c.    Demy  6vo,  cloth      .        .1/6 

CONCILIATION  &  ARBITRATION  in  LABOUR  DISPUTES. 

A  Historical  Sketch  and  Brief  Statement  of  the  Present  Position  of  the 
Question  at  Home  and  Abroad.  By  I.  S.  Jeans,  Author  ot  "England's 
Supremacy,"  &c.    Crown  8vo,  aoo  pp.,  cloth     .        .        .        .        ...    2/6 

THE  HEALTH  OFFICER'S  POCKET-BOOK. 

A  Guide  to  Sanitary  Practice  and  Law.    For  Medical  Officers  of  Health, 

Sanitary  Inspectors,   Members  of  Sanitary  Authorities,   &c.     By  Edward 

F.  Winx)UGHBV,  M.D.  (Lond.),  &c    Fcap.  8\-o,  cloth    ....    7/6 

"  A  mine  of  condensed  information  of  a  pertinent  and  useful  Icind  on  the  various  subjects  of 

which  It  treats     The  matter  seems  to  have  been  carefully  compiled  and  arranged  for  facflity  of 


reference,  and  it  i^    well  iUunrated  by  dia((rams  and   woodcuts.     The   different  subjecu  are 

•     -  V  but  fully  and  scientifically  dealt  v^*^  "     ■^'     • 

luffht  to  DC  welcome  to  tho* 
reference  ul>rary  into  a  pocket  volume.    ...    It  combTne^  with  an' uncommon   degree  of 


succinctly  but  fully  and  scientifically  dealt  with."— TAr  lancet. 
••Ougr       *    *       "  ,- ,    .    . 


iffht  to  be  welcome  to  those  for  whose  u«e  it  is  deeped,  since  it  practically  boils  down  a 
ul>rary  into  a  poclcet  volume.    ...    It  combiner  with  an   uncommon 
efficiency,  the  qualities  of  accuracjr,  conciseoes}  and  comprehensiveness.  "->5(W:rwia^ 
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48         CROSBY  LOCKWOOD  &-  SON'S  CATALOGUE, 
EVERY  MAN'S  OWN  LAWYER. 

A  Handy-Book  of  the  Principles  of  Law  and  Equity.  With  a  Concise 
Dictionary  of  Legal  Terms.  By  A  Barrister,  lljirty-fifth  Edition,  care- 
fully Revised,  and  including  New  Acts  of  Parliament  of  1897.  Comprising 
the  lyorkttftn's  CompensAtion  Acty  i8q7  ;  Voluntary  School$  Acts^  rSqrj ; 
Prt/erential  Payments  in  Bankruptcy  Amendment  Act,  iSQfj ;  IVeigkts  aauL 
Measures  (^Metric  System's  Act,  i8qt.  Infant  Life  Protection  Act,  iS77 ; 
Dangerous  Performances  {of  Children)  Act,  iSoj  ;  Land  Tranter  Act,  idijrj, 
^c. ,  &*c.  Judicial  Decisions  during  the  year  have  eUso  been  duly  noted. 
Crown  8vo,  750  pp.  Price  6/8  (saved  at  every  consultation !),  strongly  bound 
in  cloth.  {Just  Published, 

The  Book  will  be  found  to  comprise  (amongst  other  matter)— 

The  Rights  akd  wrongs  of  Individuals— Landlord  and  Tenant— Vendors 
AND  Purchasers— Leases  and  mortgages— Principal  and  agent— Partnership 
AND  Companies— Masters.  Servants  and  Workmen— Contracts  and  Agreements 
— BoRRowKRs.  Lenders  and  sureties— Sale  and  purchase  of  Gooi>s— Cheques. 
Bills  and  Notes— Bills  of  Sale— Bankruptcy— Railway  and  Shipping  Law- 
Life.  Fire.  Arm  Marine  Insurance— Accident  and  Fidelity  Insurance— criminal 
Law— Parliamentary  elections— Couniy  Councils— District  Councils— Parish 
Councils— municipal  Corporations— Libel  and  slander— Public  Health  and 
Nuisances— Copyright,  Patents.  Trade  Marks— Husband  and  Wife— Divorce— 
infancy— Custody  of  Children— Trustees  and  Executors— Clergy.  Church. 
WARDENS.  Arc- Game  Laws  andSporting— innkeepers— Horses  and  Dogs— Taxes 
and  Death  duties— Forms  of  agreements.  Wills,  Codicils.  Notices.  See 

99r  The  object  0/  this  v«rk  is  t«  enabU  thmse  whp  ansuliit  to  hei/  themselves  to  the 
law  :  mn4  thtrtby  to  dispense,  as  far  eu  Possible,  with  ^rofitssionai  assistance  and  advice.  There 
are  many  ■U'ronffs  and  jgyieifances  which  persons  submit  to  jTmn  time  to  time  tkrough  not 
knvming  how  or  where  to  apply  for  redress :  and  many  persons  have  as  great  a  dread  of  a 
lawyer's  office  as  qfa  lion's  den.  iVith  this  book  at  hand  it  is  believed  that  many  a  SiX-AND' 
EIGHTPRNCB  may  be  saved  ;  manv  a  wrong  redressed  :  many  a  right  reclainud :  many  a  law 
sitit  avoided  :  ana  many  an  evil  abated.  The  wort  has  estabtuhed itseff  as  the  standard  legmi 
adviser  of  all  classes,  and  has  also  maeU  a  reputation  for  itself  <"'  o  usefitl  booh  of  reference  for 
lawyers  residing  at  a  dutance  from  law  libraries,  who  are  glad  to  have  eU  hand  a  xeork 
embodying  recent  decisions  and  enactments. 

Opinions  of  the  Press. 

"  It  Is  a  complete  code  of  English  Law  written  in  plain  languase,  wtkich  all  can  understand 

.  .  Should  be  in  the  hands  of  every  business  man.  and  aU  who  wish  to  abolish  lawyers'  bills. "— 
Weekly  Times. 

"  A  useful  and  concise  epitome  of  the  law,  compiled  with  considerable  care."— />»  Magmxine. 

"  A  complete  digest  of  the  most  useful  facts  which  constitute  English  Xxm."— Glebe. 

"This  excellent  handbook.  .  .  .  Admirably  done,  admirably  arranged,  and  admirably 
ch/t*."^"— Leeds  Mercury. 

"  A  concise,  cheap,  and  complete  epitome  of  the  English  law.  So  plainly  written  that  he  who 
runs  may  read,  and  he  who  reads  may  understand. "—Figaro. 

"  A  dictionary  of  legal  facts  well  put  together.    The  book  Is  a  very  useful  one.''-^^;^«r««/)9r. 

THE  PAWNBROKERS',  FACTORS%  AND  MERCHANTS' 

OUIDB  TO  THE  LAW  OP  LOAN5  AND  PLBDOES. 

With  the  Statutes  and  a  Digest  of  Cases.  By  H.  C.  Folkard,  Barrister-at- 
Law.    Cloth 3/6 

LABOUR  CONTRACTS. 

A  Popular  Handbook  on  the  Law  of  Contracts  for  Works  and  Services.  By 
David  Gibbons.  Fourth  Edition,  with  Appendix  of  Statutes  by  T.  F.  Uttlbv, 
Solicitor.    Fcap.  8vo,  cloth 8/6 


SUMMARY  OF  THE  FACTORY  AND  WORKSHOP  ACTS 

(1878-1891).  For  the  Use  of  Manufacturers  and  Managers.  By  Emils 
Garcke  and  J.  M.  Fells.  (Reprinted  from  "Factory  AccotwTs.") 
Crown  8vo,  sewed 60." 
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•'  It  is  not  too  much  to  say  that  no  books  have  ever  proved  more 
popular  with  or  more  useful  to  young  engineers  and  others  than  the 
excellent  treatises  comprised  in  Weale's  Series*"— Exigineer. 
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MECHANICAL  ENGINEERING ....  4 
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i        WEALE*S  SCIENTIFIC  AND  TECHNICAL  SfiRIES. 

CIVIL  ENGINEERING  &  SURVEYING. 
OivU 


By  Hbnry  Law,  M.  Inst.  CE.  Including  ft  Treatise  on  Hydraulic 
Enginkbrinc  by  G.  R.  Burnbll^M.I.CE.  Seventh  Edition,  revised, 
with  Largb  Additions  by  D.  K.  Clark,  M.I.CE.       .       .        .    6/6 

Pioneer   Bngineerin^ : 

A  Treatise  on  the  Engineering  Operations  connected  with  the  Settlement  of 
Waste  Lands  b  New  Countries.  By  Edwako  Dobson,  A.I.C.E.  With 
numerous  Plates.    Second  Edition 4/6 

Iron  Bridges  of  Moderate  Span: 

Their  (instruction  and  Erection.  By  Hamilton  W.  Pbmdrxd.  With  40 
Illustrations 2/0 

Iroli  (Applioaiion  of)  to  the  Oonetmotion  of  Bridges, 
Roofe,  and  other  Works. 

By  Franos  Campin,  C.E.    Fourth  Edition 2/6 

Ckmstmotional  Iron  and  Steel  Work, 

as  applied  to  Public,  Private,  and  Domestic  Buildings.  By  Francis 
Campin,  C.E 3/6 

Tnbnlar  and  other  Iron  Girder  Bridges* 

Describing  the  Britannia  and  Conway  Tubular  Bridges.  By  G.  Drvsdalb 
Dbmpsbv,  CE.     Fourth  Edition 2/0 

Materials  and   Construction: 

A  Theoretical  and  Practical  Treatise  on  the  Strains,  DesigmnK,  and  Erec 
tion  of  Works  of  Constlnction.      By  Francis   Campin,  CE.    .    3/0 

Sanitary  Work  in  the  Smaller  Towns  and  in  Villages. 

By  Charlbs  Slagg,  Assoc.  M.  Inst.  CE.     Second  Edition     .        .    3/0 

Roads  and  Streets  (The  Gonstruotion  of). 

In  Two  Parts :  I.  Thb  Art  or  Constructing  Common  Roai>s,  by  H. 
Law,  CE.,  Revised  by  D.  K.  Clark,  CE. ;  II.  Rbcbn-T  Practicb:  In- 
cluding Pavemenu  of  Wood,  Asphalte,  etc    By  D.  K.  Clark,  CE.    4/6 

Oas  Works  (The  Gonstruotion  of  )^ 

And  the  Manufacture  and  Distribution  of  Coal  Gas.  By  S.  Hughbs,  CE. 
Re-written  by  William  Richards,  CK    Eighth  Edition      .       .    5/6 

Water  Works 

For  the  Supply  of  Cities  and  Towns.  With  a  Description  of  the  Principal 
Geological  Formations  of  England  as  influencing  Supplies  of  Water.  Or 
Samubl  Hughbs,  P.G.S.,  CE.    Enlarged  Edition ....    470 

The  Power  of  Water, 

As  api^ied  to  drive  Flour  Mills,  and  to  give  motion  to  Turbines  and  odier 
Hydrostatic  Engines.    By  Joseph  Glynn,  F.R.S.    New  Edition  .    2/0 

Wells  and  Well-Sinkintf. 

By  John  Gsa  Swindrll,  A. R.I. B. A.,  and  G.  R.  Burnbu.,  CE.  Revised 
Edition.  With  aNewAppendix  on  the  Qualities  of  Water.  lUnstrated    2/0 

The  Drainage  of  Lands,  Towns,  and  Buildings. 

By  G.  D.  Dbmpsbv,  CE  Revised,  with  large  Additions  on  Recent 
Practice,  by  D.  K.  Clark,  M.I.CE.    Second  Eition,  corrected      .    4/6 

Bmbankin^  I«ands  firom  the  Sea. 

With  Particulars  of  actual  Embankments  &c.    By  John  Wiggins  .     2/0 

The  Blasting  and  Quarrying  of  Stone, 

For  Building  and  other  Purposes.  With  Remarks  on  the  Blowing  vd  of 
Bridges.    By  Gen.  Sir  J.  Burgovne,  K.C.B 1/6 

Foundations  and  Conorete  Works. 

Wiih  Practical  Remarks  on  Footings,  Planking,  Sand,  Concrete,  B^on, 
Pile-drivine,  Caissons,  and  Coffer&ros.  By  E.  Dobson,  M.R.I.B.A. 
Seventh  Edition t/6 
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PnttumatioB, 

Including  Acoustics  and  th«  Phenomena  of  Wind  Currents,  for  the  Use  of 
Beginners.    By  Charles  Tomlinson,  F.R.S.    Fourth  Edition      .     1/6 

I«and  and  Bn^ineerintf  SuFYeyintf. 

For  Students  and  Practical  Use.  By  T.  Baksr,  C.E.  Fifteenth  Edition, 
revised  and  corrected  by  J.  R.  Young,  formerly  Professor  of  Mathematics, 
Belfast  College.    Illustrated  with  Plates  and  Diagrams      .        .        .2/0 

M«nsuration^  and  Measuring. 

For  Students  add  Practical  Use.  With  the  Mensuration  and  Levelling  of 
Land  for  the  purposes  of  Modern  Engineering.  By  T.  Bakbr,  C.E.  New 
Edition  by  £.  NuGBNT,  C.E .1/6 


MINING   AND    METALLURGY 
Mineralo^, 

Rudiments  of.  By  A  Ramsay,  F.G.S.  Third  Edition,  revised  and 
enlarged.    Woodcuts  and  Plates 3/6 

Goal  and  CUmU  Mining, 

A  Rudimentary  Treatise  on.  Bv  the  late  Sir  Warington  W.  Smyth, 
F.R.S.    Seventh  Edition,  remed  and  enlarged 3/6 

Mtttallnrtfy  of  Iron. 

Contaming  Methods  of  Assay,  Analyses  of  Iron  Ores,  Processes  of  Manu- 
facture of  Iron  and  Steel,  &c  By  H.  Baubrman.  F.G.S.  With  numerous 
Illustrations.'  Sixth  Edition,  revised  and  enlarged     ....    S/0 

The  Mineral  SuFvoyor  and  Valuer's  Complete  Gnide. 

By  W.  LiNTBRN.  Third  Edition,  with  an  Appendix  on  Magnetic  and 
Angular  Surveying 3/6 

Slate  and  Slate  Quarrying: 

Scientific,  Practical/  and  Commercial.  By  D.  C  Da  vies,  F«G.S.  With 
numerous  Illustrations  and  Folding  Plates.    Third  Edition       .        .    3/0 

A  First  Book  of  Mining  and  Quarrying, 

with  the  Sciences  connected  therewith,  tor  Primary  Schools  and  Self  In- 
struction.    By  J.  H.  Collins,  F.G.S.    Second  Edition    .       .  1/6 

Snbterraneoae  Surveyintf, 

with  and  without  the  Magnetic  Needle.  By  T.  Fbnwick  and  T.  Bakbr, 
CE.    Illustrated.        . 2/6 

Minintf  Toole. 

Manual  of.  By  William  Morgans,  Lecturer  on  Practical  Mining  at  the 
Bristol  School  of  Mines 2/6 

Minintf  Toole,  Atlae 

oTEngravings  to  Illustrate  the  above,  containing  235  Illustrations  of  Mining 
Tools,  drawn  to  Scale.    4to 4/6 

Phyeioal  Oeolo^, 

Partly  based  on  Major-General  Portlocic's  "  Rudimenu  of  Geology.' 
By  RalphTatb,  A.L.S.,  &c    Woodcuts 2/0 

Hietorioal  Geolotfy, 

Partly  based  on  Maior-General  Portlock*s  "  Rudiments."  By  Ralph 
Tatb,  A.L.S.,  &c    Woodcuts 2/6 

C^eolotfy,  Phyeioal  and  HietoricaL 

Consisting  of  "  Physical  Geology,"  which  sets  forth  the  Leading  Principles 
of  the  Saence ;  and  **  Historical  Geology,"  which  treats  of  the  Mineral  and 
Organic  Conditions  of  the  Earth  at  each  successive  epoch.  By  Ralph 
Tate,  F.G.S 4/6 

Blectro-Metalliir^, 

Practically  Treated.  By  Albxanobr  Watt.  Ninth  Edition,  enlarged 
and  revis«d,  including  the  most  Recent  Processes       ....    3/6 
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MECHANICAL    ENGINEERING 
The  Workman's  Manual  of  Bn^ineerin^  Drawing. 

By  John  Maxton,  Instructor  in  Engineering  Drawing,  Royal  Naval 
College,  Greenwich.     Seventh  Edition.    300  Plates  and  Diagrams   .     3/6 

FueU:  Solid,  Liquid,  and  Gaseous. 

Their  Analysis  and  Valuation.  For  the  Use  of  Chemists  and  Engineers. 
By  H.  J.  Phillips,  F.CS.,  formerly  A raljrtical  and  Consulting  Chemist 
to  the  Great  Eastern  Railway.     Second  Edition,  Raised .        .        .     2/0 

Fuel,  Its  Gombustion  and  Bconomy. 

Consisting  of  an  Abridgment  of  "  A  Treatise  00  the  Combustion  of  Coal  axid 
the  Prevention  of  Smoke."  By  C.  W.  Williams,  A.I.C.E.  With  Exten- 
sive Additions  by  D.  K.  Clark,  M.  Inst.  C£.    Third  Edition        .    3/6 

The  Boilermaker*s  Assistant 

in  Drawing^  Templating,  and  CalculatingkBoiler  Work,  &c  ByJ.  Court- 
ney,  Practical    Boilermaker.     Edited'NiV  D.   K.   Clark,   CE.  .    2/0 

The  Boiler-Maker's  Ready  Reckoner, 

with  Examples  of  Practical  Geometry  and  Templating  for  the  Use  01 
Platers.  Smiths,  and  Riveters.  By  John  Courtney.  Edited  by  D.K. 
Clark,  M.I. C.E.    Second  Edition,  revised,  with  Additions     .        .    4/0 

*«*  Thf  Inst  trvo  JVarkt  in  On*  Volume,  kalf-bowtd,  eniitUd  "  Thb  Boilsr- 
maker's  Ready-Reckoner  and  Assistant.  By  J.  Courtney  aiui 
D.  K.  Clark.    Price  js. 

Steam   Boilers: 

Their  Construction  and  Management.  By  R.  Armstrong,  CE.   Illustrated 

1/6 

Steam  and  Machinery  Management. 

A  Guide  to  the  Arrangement  and  Economical  Management  of  Machinery. 
By  M.  PowisBale,  M.  Inst.  ME 2/6 

Steam  and  the  Steam  Bn^ine, 

Stationary  and  Portable.  Being  an  Extension  of  the  Treatise  on  the  Steam 
Engine  of  Mr.  J.  Sewbll.     By  D.  K.  Clark,  C.E.    Third  Edition    3/6 

The  Steam  Bntfine, 

A  Treatise  on  the  Mathematical  Theory  of,  with  Rules  and  Examples  for 
Practical  Men.     Bv  T.  Baker,  CE. 1/6 

The   Steam   Bn^ine. 

By  Dr.  Lardner.     Illustrated 1/6 

Locomotive  Bn^ines, 

By  G.  D.  Dempsey,  C.E.  With  large  Additions  treating  of  the  Modem 
Locomotive,  by  D.  K.  Clark,  M.  Inst.  C.E 3/0 

Locomotive  Bn^ine-Drivin^. 

A  Practical  Manual  for  Engineers  in  charge  of  Locomotive  Engines.  By 
Michael  Reynolds.     Eichth  Edition.    31.  €</.  limp ;  cloth  boards    4/d 

Stationary   Bn^ne-Drtvln^. 

A  Practical  Manual  for  Engineers  in  charge  of  Stationary  Engines.  Bv 
Michael  Reynolds.    Fourth  Edition.    3X.  6d.  limp ;  cloth  boards.    4/d 

The  Smithy  and  Forge. 

Including  the  Farrier's  Art  and  Coach  Smithing.  By  W.  J.  E.  Crank. 
Second  Edition,  revisied 2/6 

Modem  Workshop  Practice, 

As  applied  to  Marine,  Land,  and  Locomotive  Engines,  Floatine  Dodcs, 
Dredging    Machines,   Bridges,  Ship-building,  &c      By  J.   G.   Winton. 
th  Edition,  Illustrated 3/6 


FouriL 

Mechanical  Bngineering. 

Comprising  MeuUurgy, 
*'  chinery.  Mechanical 
By  Francis  CampiNj, 

Details  of  Machinery. 

Comprising  Instructions  for  the  Execution  of  various  Works  in  Iron  in  the 
Fitting-Shop,  Foundry,  and  Boiler- Yard.  By  Francis  Campin,  CE.  3/0 


_  \  Moulding,  Casting,   Forging,  Tools  Workshop 
Macfiinery^  Mechanical  Manipulation,  Manufacture  of  the  Steam  Engine, 
Francis  Cam  pin,  C.E.   Third  Edition        ....    2/6 
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Elementary  Bn^ineerintf : 

A  Mantial  for  Young  Marine  Engineers  and  Apprentices.     In  the  Form  of 

Suestions  and  Answers  on  Metals,  Alloys,  Strength  of  Materials,  &c 
y  T.  S.  Brewer.    Second  Edition 2/0 

Power  in  Motion: 

Horse-power  Motion,  Toothed-Wheel  Gearing,  Long  and  Short  Driving 
Bands  Angular  Forces,  &c.    By  Jambs  Armour,  C.E.  Third  Edition  2/0 

Iron  and  Heat, 

Exhibiting  the  Principles  concerned  in  the  Construction  of  Iron  Beams, 
Pillars,  and  Girders.    By  J.  Armour,  C.E 2/6 

Praotioal  Mechanism, 

And  Machine  Tools.    By  T.  Baker,  CE.    With  Remarks  on  Tools  and 
Machinery,  by  J.  Nasmyth,  CE 2/6 

Meohanioe : 

Being  a  concise  Exposition  of  the  General  Principles  of  Mechanical  Science, 
and  uietr  Applications.    Bv  Charles  Tomlinson,  F.R.S.       .       .1/6 

Oranee  (The  Oonetruotion  of), 

And  other  Machinery  for  Raising  Heavy  Bodies  for  the  Erection  of  Build- 
bgs,  &c    By  Joseph  Glynn,  F.R.S 1/6 


NAVIGATION,    SHIPBUILDING,    ETC. 
The  Sailor's  Sea  Book: 

A  Rudimentary  Treatise  on  Navigation.  Bv  James  Greenwood,  B.A. 
With  numerous  Woodcuts  and  Coloured  Plates.  New  and  enlarged 
Edition.    By  W.  H.  Rosser 2/6 

Praotioal  Navigation. 

Consisting  of  The  Sailor's  Sea-Book,  by  Iambs  Greenwood  and  W.  H. 
Rosser  ;  t<M^ther  with  Mathematical  and  Nautical  Tables  for  the  Working 
of  the  Problems,  by  Henry  Law,  C.E. ,  and  Prof.  J.  R.  Young  .    7/0 

Navitfation  and  Nautioal  Astronomy, 

In  Theory  and  Practice.    By  Prof.  J.  R.  Young.    New  Edition.     2/6 

Mathematioal  Tables, 

For  Trigonometrical,  Astronomical,  and  Nautical  Calculations  ;  to  which  is 
prefixed  a  Treatise  on  Logarithms.  By  H.  Law,  CE.  Together  with  a 
Series  of  Tables  for  Navigation  and  Nautical  Astronomy.  By  Professor  J. 
R.  Young.    New  Edition 4/0 

Masting,  Mast-Making,  and  Rigtfintf  of  Ships. 

Also  Tables  of  Spars,  Rigging,  Blocks ;  Chain,  Wire,  and  Hemp  Ropes, 
&c,  relative  to  every  class  of  vessels.    By  Robert  KiPfiNG,  N.A. .    2/0 

Sails  and  SaU-Making. 

With  Draughting,  and  the  Centre  of  Effort  of  the  Sails.    By  Robert 

Kipping,  N.  A 2/6 

Marine  Bntfines  and  Steam  Vessels. 

By  R.  ^IuRRAY,  C.E.  Eighth  Edition,  thoroughly  Revised,  with  Addi- 
tions by  the  Author  and  by  George  Carlisle,  C.E.         .        .        .    4/6 

Iron  Ship-Building. 

With  Practical  Examples.    By  John  Grantham.     Fifth  Edition    .    4/0 

Naval  Arohiteoture : 

An  Exposition  of  Elementary  Principles.    By  James  Peake    .        .    3/6 

Ships  for  Ooean  and  RiYor  Service, 

Principles  of  the  Construction  of.    By  Hakon  A.  Sommerfeldt  .     1/6 

Atlas  of  Bngravings 

To  Illustrate  the  above.  Twelve  large  folding  Plates.  Royal  4to,  cloth    7/6 

The  Forms  of  Ships  and  Boats. 

By  W.  Bland.  Seventh  Edition,  revised,  with  numerous  Illustrations  and 
Models 1/6 


Digitized  by  VjOOQ  IC 


6         WEALE'S  SCIENTIFIC  AND  TECHIHCAL  SERIES. 


ARCHITECTURE  AND   THE 

BUILDING   ARTS. 
OonstraotionAl  Iron  and  Steel  Work, 

as  applied  to  Public,  Private,  and  D<Mnestic  BuildiDj;!.  By  Fiuufas 
Campin,  CE. 3/6 

Baildin^  Betates: 

A  1  realise  on  the  Development,  Sale,  Purchase,  and  Managemeot  of  Build- 
ing Land.    By  F.  Maitlano.    Second  Edition,  r  vised   .       .       .    2/0 

The  Soienoe  of  Buildintf : 

An  Elementarv  Treatise  on  the  Principle*  of  Construction.  By  E.  Wthd* 
HAM  Tarn,  KI.A.  Lond.    Third  EdiQon,  revised  and  enlarged        .    3/6 

The  Art  of  Buildintf: 

General  Princii^es  of  Construction,  Strength,  and  Use  of  Materials,  WorluM 
Drawings,  Specifications,  ftc    By  Edward  Dobson,  M.R.I.B.A. .    2/0- 

A  Book  on  BuUdintf, 

Civil  and  Ecclesiastical.  By  Sir  Edmund  Bbckbtt,  Q.C  (Lord  Grim* 
thurpbX    Second  Edition 4/6 

DweUintf-Houses  (The  BSreotion  of), 

I  llustrated  by  a  Per^>ective  View,  Plans,  and  Sections  of  a  Pair  of  Villas,  widi 
Specification,  Quantities,  and  E^itimates.  By  S.  H.  Brooks,  Ardiitect    2/6 

Oottatfe  Boildkitf. 

By  C.  Bruck  Allbn.  Eleventh  Edition,  with  Chapter  on  Eoooomic  Cot- 
tages for  Allotments,  by  E.  E.  Allen,  CE 2/0 

Aoooetios  in  Relation  to  Arohitectnre  and  Building: 

The  Laws  of  Sound  as  applied  to  the  Arrangement  of  Buildings.  By  Pro* 
fessorT.  RoGKR  Smith,  r.R.I.B.A.    New  Edition,  Revised  .        .     1/6 

The  Rndimente  of  Praotioal  Bricklaying. 

General  Priitciples  of  Bricklaying ;  Arch  Drawing,  Cutcin|^.  and  Setting ; 
Pointing ;  Paving,  Tiling,  &c.    By  Adam  Hammond.    Wuh  68  Woodcuts 

1/6 

The  Art  of  Praotioal  Briok  Gutting  and  Setting. 

By  Adam  Hammond.    With  90  Engravings t/6 

Brickwork : 

A  Practical  Treatise,  embodying  the  General  and  Higher  Prindplefl  of 
Bricklaying,  Cutting  and  Setting;  with  the  Application  ol  Geometry  to  Roof 
TUing,  Ac     ByF.WALKBR         .        .        .        .        .  .1/6 

Brioke  and  Tiles, 

Rudimentary  Treatise  on  the  Manufacture  of;  contuning  an  Outline  of  the 
Principles  of  Brickmakmg.  By  E.  Dobson,  M.R.LB.A.  Additions  by 
C.  ToMLiNSON,  F.R.S.     niusirated     ....  .        .    3/0 

The  Praotioal  Brick  and  TUe  Book. 

Comprising:  Brick  and  Tile  Making,  bv  E.  Dobson,  A.LCE. ;  Prac- 
tical Bricklaying,  by  A.  Hammond  ;  Brickwork,  by  F.  Walkbr. 
550  pp.  with  370  Illustrations,  strongly  half-bound     ....    6/0 

Carpentry  and  Joinery^ 

The  Llbmbntarv  Principles  op  Carpentry.  Chiefly  composed  from  the 
Standard  Work  of  Thomas  Trbdgold,  C  E  With  Additions,  and  Treatise 
ON  Joinery,  by  E.  W.  Tarn,  M.A.    Fifth  Edition,  Revised   .        .    3/6 

Carpentry  and  Joinery— Atlas 

Of  31^  Plates  to  accompany  and  illustrate  the  foregoing  book.  With 
Descriptive  Letterpress.    4*0. 6/0 
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A  PraAtioal  Treatise  on  Handrailin^; 

Showing  New  and  Simple  Methods.  By  Gbo.  Collings.  Second  Edition. 
Revised,  including  a  Trbatisb  on  Stairbuiloing.    With  Platat  .    2/6 

Oiroulap  Work  in  Carpentry  and  Joinery. 

A  Practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature. 
By  Gborgb  Collings.    Second  Edition 2/6 

Roof  Garpentry: 

Practical  Lessons  in  the  Framing  of  Wood  Roots.  For  the  Use  of  Working 
Carpenters.     By  Gbo.  Collings 2/0 

The  Ck>netruotion  of  Roofs  of  Wood  and  Iron; 

Deduced  chiefly  from  the  Works  of  Robison,  Tredgold,  and  Humber.  Bv 
E.  WvNDHAM  Ta,rn,  M.A.,  Architect.    Second  Edition,  revised      •     1  /6 

The  Joints  Made  and  Used  by  Builders. 

By  Wyvill  J.  Christy,  Architect.    With  i6o  WoodcuU        •       •    3/0 

Shoring 

And  Its  Application :  A  Handbook  for  the  Use  of  Students.  By  Gborgb 
H.  Blagrovb.    With  31  Illustrations  .     •  .  «     1  /6 

The    Timber   Importer's,    Timber    Herohant*s,    and 
Builder's  Standard  Guide. 

By  R.  £.  Granoy 2/0 

Plumbing: 

A  Text-Book  to  the  Practice  of  the  Art  or  Craft  of  the  Plumber.  With 
Chapters  upon  House  Drainage  and  Ventilation.  By  Wm.  Paton  Buchan. 
Sixtn  Edition,  revised  and  enlarged,  with  380  Illustrations        .       .    3/6 

Ventilation : 

A  Text  Book  to  the  Practice  of  the  Art  of  Ventilating  Buildings.  By  W.  P. 
Buchan,  R.P.,  Author  of  "  Plumbing,"  &c.    With  170  Illustrations    3/6 

The  Praotioal  Plasterer: 

A  Compendium  of  Plain  and  Ornamental  Plaster  Work.  By  W.  Kbmp    2/0 

House  Painting,  Orainintf,  Marblimf,  it  Sign  Writing. 

With  a  Course  of  Elementary  Drawing,  and  a  Collection  of  Useful  Receipts. 
By  Ellis  A.  Davidson.    Sixth  Edition.    Coloured  Plates      .        .    6/0 
*«*  TJU  abavtt  in  cloth  boards,  strongly  bounds  ts, 

A.  Grammar  of  Colouring, 

Applied  to  Decorative  Painting  and  the  Arts.  By  Gborgb  Fibld.  New 
Edition,  enlarged,  by  Elus  A.  Davidson.    With  Coloured  Plates  .    3/0 

Blementary  Decoration 

As  applied  to  Dwelling  Houses,  &c  By  Jambs  W.  Facbv.  Illustrated    2/0 

Praotioal  House  De<M>ration. 

A  Guide  to  the  Art  of  Ornamental  Painting,  the  Arrangement  of  Colours  in 
Apartments,  and  the  Principles  of  Decorative  Design.   By  Jambs  W.  Facbv. 

2/6 
V  Tht  last  two  Works  in  0ns  kandsoms  Vol.,  kal/-hound,  entiiUd  "  House 
Dbcoration,  Elbmbntary  aud  Practical,"  price  5;. 

Warming  and  Ventilation 

Of  Domestic  and  Public  Buildings,  Mines,  Lighthouses,  Ships,  ftc  By 
Charlbs  Tomunson,  F.R.S 3/0 

Portland  Cement  for  Users. 

By  Hbnry  Faija,  A.M.  Inst.  CE.    Third  Edition,  Corrected       .    2/0 

Limes,  Cements,  Mortars,  Conoretes,  Mastios,  Plas- 
tering, &o« 

By  G.  R.  Burnbll,  CE.    Thirteenth  Edition         .        .        .        .1/6 
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Masonry  and  Stone-Cutting. 

The  Principles  of  Maaonic  Proiection  and  their  applicatioo  to  Coostructioo. 
By  Edward  Dobson,  M.R.I.aA. 2/6 

Arohos,  Piors,  Bnttrosses,  fto.: 

Experimental  Ecsays  oo  the  Principlec  of  ConstracCioa.     By  W.  Bland. 

1/6 

Quantities  and  Measurements, 

In  Bricklayers',  Masons',  Plasterers'^  Plumbers*,  Painters',  Paperiiangers', 
Gilders',  Smiths',  Carpenters'  and  Joiners'  Work.   By  A.  C  Bbaton     1  /6 

The  Complete  Measurer: 

Setting  forth  the  Measurement  of  Boards,  Glass,  Timber  and  Stone.    By  R. 
HoKTON.    Fifth  Edition 470 

*«*  Tfu  mbfftn,  strpiigijf  bound  im  lemikgr^  pric4  $9* 

Light: 

An  Introducdon  to  the  Science  of  Optics.    Denpied  for  the  Use  of  Stodents 

of  Architecture,  Engineering,  and  other  Applied  Sciences.     By  E  Wvnd- 

.  HAM  Takn,  M.A.,  Author  of  "  The  Science  of  Building,"  &c.  .       .1/6 

Hints  to  Young  JLrohitects. 

By  Gborgb  Wightwick,  Architect.    Fifth  Edition,  revised  and  enlarged 
by  G.  HusKissoN  Guillaumb,  Architect 3/6 

Arohitecture— Orders : 

The  Orders  and  their  iEsthetic  Principles.    By  W.  H.  Lbbds.    Illustrated. 

1/6 
JLrohiteoture— Styles : 

The   History  and  Description  of  the  Styles  of  Architecture  of  Various 
Countries,  from  the  Earliest  to  the  Present  Period.    By  T.  Talbot  Bury, 

F.R.I.BJL     Illustrated 2/0 

%*  Orders  and  Styles  op  Architecture,  in  One  VoL^  y,  6eL 

Arohiteoture— Desi^ : 

The  Principles  of  Design  in  Architecture,  as  deducible  frt>m  Nature  and 
exemplified  in  the  Works  of  the  Greek  and  Gothic  Architects.    ByEow. 

Lacy  Garbbtt,  Architect     Illustrated 2/6 

V  Tk4  thrt*  preceding  Works  in  One  handsome  Volt  ha^  bounds  entitled 
"  Modern  Architecture," /r^«  6f. 

Perspeotive  for  Beginners. 

Adapted  to  Young  Students  and  Amateurs  in  Architecture,  Painting,  &c. 
By  George  Pyne 2/0 

Arohitectural  Modelling  in  Paper. 

By  T.  A.  Richardson.    With  Illustrations,  engraved  by  O.  Jewitt     \  /6 

Glass  Staining,  and  the  Art  of  Painting  on  Glass. 

From  the  German  of  Dr.  Gbssbrt  and  Emanuel  Otto  From  berg.  With 
an  Appendix  on  The  Art  op  Enamelung 2/6 

YitruYius— The  Architecture  of. 

In  Ten  Books.    Translated  from  the  Latin  by  Joseph  Gwilt,  F.S.A., 

F.R.A.S.    WithasPlaUs 5/0 

N.B.—Tkie  is  the  only  Edition  ^/Vitruvius  procureMe  at  a  moderate priu. 

Grecian  Architecture* 

An  Inquiry  into  the  Principles  of  Beauty  in.  With  an  Historical  View  of  the 
Rise  and  Progress  of  the  Art  in  Greece.   By  the  Earl  op  Aberdeen     1  /Q 
*•*  Tke  two  Preceding  Works  in  One  handsome  Vol.,  half  bounds  entitled 
"  Ancient  Architecture, "  price  6s, 
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INDUSTRIAL  AND    USEFUL  ARTS. 
0«ments,  Pastes,  Glues,  and  Gums. 

A  Practical  Guide  to  the  Manufacture  and  Application  of  the  various 
Agglutinants  required  for  Workshop,  Laboratory,  or  Office  Use.  With 
upwards  of  ooo  Recipes  and  Formulae.    By  H.  C.  Standagk    .        .    2/0 

Clooks  and  Watohes,  and  Bells, 

A  Rudimentary  Treiuise  on.  By  Sir  Edmund  Bbckbtt,  Q.C  (Lord 
Grimthorpb).    Seventh  Edition 4/6 

The  Ck>Idsmith's  Handbook. 

Containing  full  Instructions  in  the  Art  of  Alloying,  Melting,  Reducing, 
Colouring,  Collecting  and  Refining.  Recovery  of  Waste,  Solders,  Enamel^ 
&c,  &c    By  Gborgb  £.  Gbb.    Third  Edition,  enlarged  .       .       .    3/0 

The  Bilvepsmith's  Handbook, 

On  the  same  plan  as  the  Goldsmith's  Handbook.    By  Gborgb  E.  Gkk. 

Second  Edition,  Revised 3/0 

•»•  The  last  two  Works,  in  On*  Jumdsomt  VoL^  half-bound^  jt. 

The  Hali-Marking  of  JewelloFy. 

Comprising  an  account  of  all  the  different  Assay  Towns  of  the  United 
Kingdom ;  with  the  Sumps  and  Laws  relating  to  the  Standards  and  Hall- 
Marks  at  the  various  Assav  Offices.    By  Gborob  E.  Gbb         .       .    3/0 

Praotioal  Ortfan  Building. 

ByW.  E.  Dickson,  M.A.    Second  Edition,  Revised,  with  Additions    2/6 

Coaoh-Building : 

A  Practical  Treatise.   By  Jambs  W.  Bubcbss.  With  57  Illustratioas    2/6 

The  Brass  Founder's  Manual: 

Instructions  for  Modelling,  Pattern  Making,  Moulding,  Turning,  &c  By 
W.  Graham 2/0 

The  Sheet-Metal  Worker*s  Guide. 

A  Practical  Handbook  for  Tinsmiths,  (Coppersmiths,  Zincworkers,  &c,  with 
46  Diagrams.    By  W.  J.  £.  Cranb.    Second  Edition,  revised         .     1  /6 

Sewing  Ifaohinery: 

lu  Construction,  History,  &c.  With  full  Technical  Directions  for  A4just> 
ing,  &c    By  J.  W.  Urquhart,  CE 2/0 

Gas  Fitting: 

A  Practical  Handbook.  By  John  Black.  Second  Edition,  Enlarged. 
With  1^  Illustrations 2/6 

Construotion  of  Door  Looks. 

From  the  Papers  of  A.  C.  Hobbs.  Edited  by  Charlbs  Tomlinson,  F.R.S. 
With  a  Note  upon  Iron  Safes  by  Robert  Mallet.    Illustrated  .    2/6 

The    Model    Xjooomotive    Engineer,   Fireman,   and 
Bng[ine-Boy. 

Comprising  an  Historical  Notice  of  the  Pioneer  Ix)comotive  Engines  and 
their  Inventors.  By  Michael  Reynolds.  Second  Edition.  With 
numerous  Illustrations,  and  Portrait  of  George  Stephenson      .        .    3/Q 

The  Art  of  Letter  Painting  made  Basy. 

By  T.  G.  Badbnoch.    With  la  full-page  Engravings  of  Examples  .     1  /6 

The  Art  of  Boot  and  Shoemaking. 

Including  Measurement,  Last-fitting,  Cutting-out,  Closing  and  Making.  Bv 
John  Bedford  Lbno.    With  numerous  Illustrations.   Third  Edition    2/0 

Meohanioal  Dentistry: 

A  Practical  Treatise  on  the  Construction  of  the  Various  Kinds  of  Artificial 
Dentures.    By  Charles  Hunter.    Third  Edition,  revised     .       .    3/0 

Wood  Bn^ravintf: 

A  Practical  and  &isy  Introdtiction  to  the  Art.    By  W.  N.  Brown   .     1  /6 

Laundry  Management. 

A  Handbook  for  Use  in  Private  and  Public  Laundries.  Including  Accounts 
of  Modem  Machinery  and  Appliances.  Bv  the  Editor  of  "  The  Laundrr 
Journal."    With  numerous  Iliustiatioos.    Second  Edition        .       .    2/0 
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ACRICULTU.RE,    GARDENING,    ETC. 
Draining  and  Bmbankintf: 

A  Practical  Treatise.    By  Prof.  John  Scott,    With  68  IlluatratioM    1  /6 

Irrigation  and  Watar  Supply: 

A  Practical  Treatise  on  Water  Meadows,  Sewage  Irrigation.  Warping,  ftc; 
on  the  Construction  of  Wells,  Ponds,  Reservoirs,  &c  By  ProC  John 
Scott.    With  34  Illustrations ^  /5 

Farm  Roads,  Fenoos,  and  Gates: 

A  Praaical  Treatise  on  the  Roads,  Tramways,  and  Waterways  of  tha 
Farm ;  the  Principles  of  Enclosures ;  and  the  different  kinds  of  Fences, 
Gates,  and  Stiles.    By  Prof.  John  Scott.    With  75  Illustrations    .     1  /6 

Farm  Buildings: 

A  Practical  Treatise  on  the  Buildings  necessary  for  various  kinds  of  Fams. 
their  Arrangement  and  Construction,  with  Plans  and  Estimates.  By  IVoC 
John  Scott.    With  105  Illustrations 2/0 

Bam  Implsments  and  Machines : 

Treating  of  the  Application  of  Power  and  Machines  used  in  the  Threshing- 
bam,  Stockyard,  Dairy,  &c.    By  Prof.  J.  Scott.    With  193  lUustratiow. 

2/0 
Field  Imnlements  and  Maohines: 

With  Principles  and  Details  of  Construction  and  P<mits  of  Excellepce,  thair 
Management,  &c.    By  Prof.  John  Scott.    With  138  Illustrations    2/0 

Agricultural  Surveying: 

A  Treatise  on  Land  Surveymg,  Levelling,  and  Setting-out ;  with  Directions 
for  Valuing  Esutes.     By  Prof.  J.  Scott.    With  6a  Illustrations      .     1  /6 

Farm  Bngineering. 

By  Professor  John  Scott.  Comprising  the  above  Seven  Volumes  in  One. 
1,150  pages,  and  over  600  Illustrations.     Ualf-bound       ...     1  2/0 

Outlines  of  Farm  Management, 

Treating  of  the  General  Work  of  the  Farm;  Stock;  Contract  Work: 
Labour,  &c    By  R.  Scott  Burn 2/o 

Outlines  of  Landed  Bstates  Management, 

Treating  of  the  Varieties  of  Lands,  Methods  of  Farming,  Setting-out  of 
Farms,  Roads,  Fences,  Gates,  Drainage,  &c.    By  R.  Scott  Burn  .    2/6 
*«*  TJk^  abav*  Two  Vols,  in  Otu^  fuuuhomtly  km^-honndt  priu  6^. 

Soils,  Manures,  and  Orops. 

(Vol.  1.  Outlines  op  Modern  Farming.)    By  R.  Scott  Burn  .    2/0 

Farming  and  Farming  Boonomy. 

(Vol  II.  Outlines  of  Modern  Farming.)    By  R.  Scott  Burn    3/0 

Stock:   Cattle,  Sheep,  and  Horses. 

(Vol.  III.  Outlines  ok  Modern  Farming.)     By  R.  Scott  Burn    2/6 

Dairy,  Pigs,  and  Poultry. 

(Vol.  IV.  OuTUNBS  OP  Modern  Farming.)    By  R.  Soott  BintN    2/0 

Utilization  of  Sewage,  Irrigation,  and  Beclamation 
of  Waste  Land. 

(Vol.  V.  Outlines  op  Modern  Farming.)   By  R.  Scott  Burn  .    2/6 

Outlines  of  Modem  Farming. 

By  R.  Scott  Burn.  Consisting  of  the  above  Fire  Volumes  in  One, 
1,3^  pp.,  profusely  Illustrated,  half-bound      .         •        •        •        .     1 2/0 
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Book-keepintf  for  Farmers  and  Bstate  Owners. 

A  Practical  Treatise,  presenting,  in  Three  Plans,  a  System  adapted  for  all 
classes  of  Farms.    By  J.  M.  Woodman.    Third  Edition,  revised     .    2/6 

Beady  Reckoner  for  the  Admeasurement  of  liand. 

By  A.  Arman.    Third  Edition,  revised  and  extended  by  C  Norsis    2/0 

Miller's,    Com     Merchant's,    and     Farmer's     Ready 
Reckoner. 

Second  Edition,  revised,  with  a  Price  List  of  Modem  Flour  Mill  Machinery 
by  W.  S.  HuTTON,  C.E ....    2/0 

The  Hay  and  Straw  Measurer. 

New  Tables  for  the  Use  of  Auctioneers,  Valuers,  Farmers,  Hay  and  Straw 
Dealers,  &c.    By  John  Stbblb 2/0 

Meat  Production. 

a'  Manual  for  Producers,  Distributors,  and  Consumers  of  Butchers'  Meat. 
By  John  Ewart 2/6 

Sheep : 

The  History,  Stmctiire,  Economy,  and  Diseases  of.  By  W.  C.  Spoonbr, 
M.R.V.S.    Fifth  Edition,  with  fine  Engravings 3/6 

Market  and  Kitchen  Gardening. 

By  C.  W.  Shaw,  late  Editor  of  "  Gardening  Illustrated  "  .        .       .    3/0 

Kitchen  Gardening  Made  Basy. 

Showing  the  best  means  of  Cultivating  every  known  Vegetable  and  Herb, 
ftc,  with  directions  for  management  all  the  year  round.  By  Gborgb  M.  F. 
Glbnny.    Illustrated 1/6 

Cottage  Gardening: 

Or  Flowers,  Fruits,  and  Vegetables  for  Small  Gardens.    By  E.  Hobdat. 

1/6 
Garden  Receipts. 

Edited  by  Charlbs  W.  Quin      .       .  I/O 

Fruit   Trees, 

The  Scientific  and  Profitable  Culture  of.  From  the  French  of  M.  Du 
Brkuil.  Fourth  Edition,  carefulty  Revised  by  Gborgb  Glbnny.  With 
zSyWoodcuU 3/6 

The  Tree  Planter  and  Plant   Propagator: 

With  numerous  Illustrations  of  Grafting,  Layering,  Budding,  Implements, 
Houses,  Pits,  &c.    By  Samubl  Wood 2/0 

The  Tree  Pniner: 

A  Practical  Manual  on  the  Pruning  of  Fruit  Trees.  Shrubs,  Climbers,  and 
Flowering  Plants.  With  numerous  Illustrations.    By  Samuel  Wood    1  /Q 

*t*  Th*  ahcve  Two  Vols,  in  One,  kantUomily  half-bound^  price  3x.  6^. 

The  Art  of  Grafting  and  Budding. 

By  Charlbs  Baltbt.    With  Illustrations 2/6 
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MATHEMATICS,   ARITHMETIC,    ETC. 
D^soriptive  Oeometry, 

Ab  Elementary  Treatise  on  ;  with  a  Theory  of  Shadows  and  of  Perspective, 
extracted  from  the  French  of  G.  Mongb.  To  which  is  added  a  Description 
of  the  Principles  and  Practice  of  Isometrical  Projection.  By  J.  F.  Heather, 
M.A.    WithMPUtes 2/0 

Praotioal  Plane  OeometFy: 

Givins  the  Simplest  Modes  of  Constructing  Figures  contained  in  one  Plane 
and  Geometrical  Construction  of  the  Ground.  By  J.  F.  Hkather,  M.A. 
With  ats  Woodcuts 2/0 

Analytioal  Geometry  and  Conio  Seotions, 

A  Rudimentary  Treatise  on.  By  Jambs  Hann.  A  New  Edition,  re- 
written and  enlarged  by  Professor  J.  R.  Young         ....    2/0 

Buolid  (The  Blements  of). 

With  many  Additional  Propositions  and  Explanatory  Notes ;  to  which  is 

prefixed  an  Introductory  Essay  on  Logic.    By  Hbnrt  Law,  CE   .    2/6 

*^*  Sold  alto  separately ^vU: — 

Buolid.    The  Tirst  Three  Books.    By  Hbnby  Law,  C.E.  .       .       .1/6 

Euclid.    Books  4,  5,  6,  xt,  xa.    By  Hbnrv  Law,  CE.    .  •     1  /6 

Plane  Trigonometry, 

The  Elements  o£    By  Jambs  Hann  .  .  .       .       .     1  /6 

Bpheriokl  Trigonometry, 

The  Elemenu  oC    By  Jambs  Hank.     Revised  by  Chakuu  H.  Dow- 

UNG,  CE 1/0 

*♦*  Orwiih  "  Tkt  Elements  of  Plans  Trigonometry^"*  in  One  Volume,  2S.  6a, 

Differential  Oaloolus, 

Elemenu  of  the.    By  W.  S.  B.  Woolhousb,  F.R.A.S.,  &c.     .       .1/6 

Integral  Oaloulue. 

By  HoMBRSHAM  Cox,  B.A. 1/0 

Algebra, 

The  Elements  of.  By  Jambs  Haddon,  M.A.  With  Appendix,  contain, 
ing  Miscellaneous  Investigations,  and  a  collection  of  Problems  .       .    2/0 

A  Key  and  Companion  to  the  Above. 

An  extensive  repository  of  Solved  Examples  and  Problems  in  Algebra. 
By  J.  R.  Young 1/6 

Oommeroial  Book-keeping. 

With  Commercial  Phrases  and  Forms  in  English,  French,  Italian,  and 
German.    By  Jambs  Haddon,  M.A 1/6 

Arithmetic, 

A  Rudimentary  Treatise  on.  With  full  Explanations  of  its  Theoretical 
Principles,  and  numerous  Examples  for  Practice.  For  the  Use  of  Schools 
and  for  Self- Instruction.  By  I.  R.  Young,  late  Professor  of  Mathematics 
in  Belfast  College.     Eleventh  Edition 1/6 

A  Key  to  the  Above. 

By  J.  R.  Young .1/6 

Bquational  Arithmetic, 

Applied  to  Questions  of  Interest,  Annuities,  life  Assurance,  and  Genera 
Commerce  ;  with  various  1  ables  by  which  ^1  Calculations  may  be  greaiU 
facilitated.    By  W.  Hipslbv 2/0 

Arithmetic, 

Rudimentanr,  for  the  Use  of  Schools  and  Self-Instruction.  By  Jambs 
Haddon,  m.A.    Revued  bv  Abraham  Arman        .        .        .        .1/6 

A  Key  to  the  Above. 

By  A.  Arman     ...  1/6 
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Math«natioaI  Instruments: 

Their  Constraction,  Adjustment,  Testing,  and  Use  concisely  explained. 

By  J.  F.  Heath  BR,  M.A.,  of  the  Royal  Military  Academy,  Woolwich. 

Fourteenth    Edition,   Revised,  with   Additions,    by    A.   T.    Walmislev, 

M.I.C.E.  Original  Edition,  in  I  vol..  Illustrated  ....  2/0 
%•  Jh  ordtrin^  the  abovt^  be  cartful  to  sa^  *\OriginaI  EdUi4m"  or  giv€  ttu 
number  tn  the  Series  i^it)^  to  distiuguuh  it  from  the  Enlarged  Edition  in 
3  voh.  {Nos.  168-9-70). 

Drawing  and  Measuring  Instruments. 

Including— I.  ^nstruments  employed  in  Geometrical  and  Mechanical  Draw- 
ing, ana  in  the  Construction,  Copying,  and  Measurement  of  Maps  and 
Plans.  II.  Instruments  used  for  the  purposes  of  Accurate  Measurement, 
and  for  Arithmetical  Computations.    By  J.  F.  Hbathkr,  M.  A.     .     \  /6 

Optical  Instruments. 

Including  (more  especially)  Telescopes,  Microscopes,  and  Apparatus  for 

Sroducing  copies  of  Maps  and  Plans  by  Photography.    By  J.  F.  Hkathbr 
I.A.    Illustrated 1/6 

Surveying  and  Astronomioal  Instruments* 

Including^— I.  Instruments  used  for  Determining  the  Geometrical  Features 

of  a  portion  of  Ground.     II.  Instruments  employed  in  Astronomical  Ob* 

servations.     By  J.  F.  Hbathbk,  M.A.     Illustrated.        .  •     1/6 

•»*  The  above  three  volumes  form  an  enlargement  of  the  Authot^s  original  work t 

•*  Mathematical  Instruments  :  "  price  as.    (See  Ho,  3a  in  the  Series.) 

Mathematical  Instruments: 

Their  Construction.  Adjustment,  Testing  and  Use  Comprising  Drawing, 
Measuring,  Optical,  Surveying,  and  Astronomical  Instruments.  By  T.  F. 
Hbathbr,  M.A.  Enlarged  Edition,  for  the  most  part  entirely  re-wntten. 
The  Three  Parts  as  above,  in  One  thick  Volume         ....    4/5 

The  Slide  Rule,  and  How  to  Use  It. 

Containing  full,  easy,  and  simple  Instructions  to  perform  all  Business  Cal* 
culatipns  with  unexampled  rapidity  and  accuracy.  By  Charlbs  Hoarb, 
C.E.    With  a  Slide  Rule,  in  tuck  of  cover.     Fifth  Edition        .        .    2/6 

liOgarithms. 

With  Mathematical  Tables  for  Trigonometrical,  Astronomical,  and  Nautical 
Calculations.     By  Henry  Law,  CE.     Revised  Edition   .        ,        ,    3/O 

Compound  Interest  and  Annuities  (Theory  of). 

With  Tables  of  Logarithms  for  the  more  Difficult  Computations  of  Interest, 
Discount,  Annuities,  &c.,  in  all  their  Applications  and  Uses  for  Mercantile 
and  State  Purposes.    By  Fbdor  Thoman,  Paris.     Fourth  Edition  .    4/0 

Mathematiokl  Tables, 

For  Trigonometrical,  Astronomical,  and  Nautical  Calculations ;  to  which  is 
prefixed  a  Treatise  on  Logarithms.  By  H.  Law,  CK.  Together  with  a 
Series  of  Tables  for  Navigation  and  Nautical  Astronomy.  By  Professor  J. 
R.  Young.    New  Edition 4/0 

Mathematics, 

As  applied  to  the  Constructive  Arts.  By  Francis  Campin,  CE.,  &c. 
Second  Edition 3/0 

Astronomy. 

By  the  late  Rev.  Robert  Main,  F.R.S.  Third  Edition,  revised  and  cor- 
rected  to  the  Present  Time.    By  W.  T.  Lynn,  F.R.A.S.   .        .        .    2/0 

Statics  and  Dynamics, 

The  Principles  and  Practice  of.  Embracing  also  a  clear  development  of 
Hydrostatics,  Hydrodynamics,  and  Central  Forcei.  By  T.  Bakbr,  C.E. 
Fourth  Edition ^  /^ 
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BOOKS    OF   REFERENCE  AND 

MISCELLANEOUS    VOLUMES. 

A  Diotionary  of  Painters,  and  Handbook  for  Piotore 
Amateups. 

Being  a  Guide  for  Visitors  to  Public  and  Private  Picturt  Gtdleries,  and  for 
Art-Students,  including  Glossary  of  Terms,  Sketch  of  Principal  Scfaooh  of 
Paintinjc,  &c    By  Pmilippb  Daryl,  B.A. 2/6 

Paintlntf  Popularly  Bzplained. 

By  T.  J.  GuLLicK,  Painter,  and  John  Timbs,  F.S.A  Indndinff  Fresco^ 
Oil,  Mosaic,  Water  Colour.  Water-Glass,  Tempera.  Encaustic,  Miniatora, 
Painting  on  Ivory,  Vellum,  Pottery,  Enamel,  Glass,  ac.  Fifth  Edition    5/0 

A  Diotionary  of  Terms  used  in  Arohiteoture,  Build- 
ing, Bntfineerintf,  Mining,  Metallurgy,  Arolus- 
ology,  the  Fine  Arts,  fto. 

By  John  Wbalx.  Sixth  Edition.  Edited  by  Robt.  Hunt,  F.R.S. 
Nnmerous  Illustrations 5/0 

Music: 

A  Rudimentary  and  Practical  Treatise.  With  numerous  Examples.  By 
Charlbs  Child  Spbncbx 2/o 

Pianoforte, 

The  Art  of  Playing  the.  With  numerous  Exercises  and  Lessons.  By 
Chaklbs  Child  Spkncbr •       •       •     l/o 

The  House  Manager. 

Being  a  Guide  to  Housekeeping,  Practical  Cookery,  Pickllns  and  Presenr* 
ing,  Household  Work.  Dairy  Management,  Cellarage  of  Wines,  Home- 
brewing  and  Wine-making,  Suble  Economy,  Gardening  Operations,  &c. 
By  An  Old  Hgusbkkkpik 3/6 

Manual  of  Domestio  Medioine. 

By  R.  Gooding  M.D.  Intended  as  a  Family  Guide  in  all  cases  of 
Accident  and  Emergency     Third  Editbn,  carefully  revised     .        .    2/0 

Management  of  Health. 

A  Manual  of  Home  and  Personal  Hygiene.    By  Rev.  Jambs  Baird    1  /Q 

Natural  Philosophy, 

For  the  Use  of  B^inners.    By  Charlbs  Tom  linson,  F.R.S.  .        .     1/6 

The  Blectrio  Telegraph, 

I  History  and  Progress.    With  Descriptions  of  some  of  the  Apparatus, 
r  R.  Sabinb,  CE.,  F.S.A.,  &c 3/0 

Handbook  of  Field  Fortification. 

By  Major  W.  W.  Knollys,  P.R-G.S.    With  163  Woodcuts     .        .    3/0 
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nre  and  Applied.    By  S.  H.  Emmbns.    Third  Edition   .        .       *     1  /6 

liOOke  on  the  Human  Understanding, 

Selections  from.    With  Notes  by  S.  H.  Emmbns        .       .       .       .1/6 

The  Compendious  Oaloulator 

(/nHtitive  CalcM/aiifftu).  Or  Easy  ahd  Concise  Methods  of  Performing  the 
various  Arithmetical  Operations  required  in  Commercial  and  Business 
Transactitms  ;  together  with  Useful  Tables,  &c  By  Danibl  O'Gorman. 
Twenty-seventh  Edition,  carefully  revised  by  C.  Nobsis  .        »       ,    2/6 
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MeAaures,  Weights,  and  Moneys  of  all  Nations. 

With  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan  Calendars. 
By  W.  S.  B.  WooLHOusB,  F.R.A.S..  F.S.S.    Seventh  Edition         .    2/6 

Grammar  of  the  English  Tongue, 

Spoken  and  Written.    With  an  Introduction  to  the  Study  of  Comparative 
Phiblogy.    By  HvDK  Clarke,  D.C.L.    Fifth  Editioa    .  .1/6 

iMotionary  of  the  English  language. 

As  Spoken  and  Written.    Containing  above  100,000  Words.     By  Hyds 

Clarke,  D.C.L. ...    3/6 

CompUtt  with  the  Grammar    .  ...    5/6 

Composition  and  Punotuation, 

Familiarly  Explained  for  those  who  have  neglected  the  Study  of  Grammar. 
By  Justin  Bkenan.    i8th  Edition 1/6 

French  Grammar. 

With  Complete  and  Concise  Rules  on  the  Genders  of  French  Nouns.    By 
G.  L.  Strauss,  Ph.  D •       •       .       •     1/6 

Frenoh-Bnglish  Diotionarv. 

Comprising  a  large  number  of  New  Terms  used  in  Engineering,  Mining, 
&c.    By  Alfred  Elwbs 1/6 

Bn^ish-Frenoh  Dictionary. 

By  Alfred  Elwbs 2/0 

French  Dictionary. 

l*he  two  Parts,  as  above,  complete  n  One  Vol 3/0 

*•*  Or  with  the  Grammar,  4/6* 

French  and  Bntflish  Phrase  Book. 

Contiuning  Introductory  Lessons,  with  Translations,  Vocabularies  of  Words. 
Collection  of  Phrases,  and  Easy  Familiar  Dialogues  .        .        .        •1/6 

German  Grammar. 

Adapted  for  English  Students,  from  Heyse's  Theoretical  and  Practical 
Grammar,  by  Dr.  G.  L.  Strauss 1/6 

CSerman  Tritflot  Dictionary. 

By  N.  £.  S.  A.  Hamilton.    Part  I.  German- French-English.    Part  IL 
English-Gennan- French.     Part  III.  French-German-English    .        •    3/0 

Cfrerman  Tricot  Dictionary 

(As  abotre).    Together  with  German  Grammar  in  One  Volume  .       .    6/0 

Italian  Grammar 

Arranged  in  Twenty  Lessons,  with  Exercises.    By  Alprbo  Elwbs  .     1  /6 

Italian  Triglot  Dictionary, 

Wherein  the  Genders  of  ail  the  Italian  and  French  Nouns  are  carefully 
noted  down.     By  Alfred  Elwes.    Vol.  i.  Italian-EngUsh-French  .    2/o 

Italian  Triglot  Dictionary. 

By  Alfred  Elwes.    Vol.  2.    English* French-Italian       .        •        .    2/6 

Italian  Triglot  Dictionaiy. 

By  Alfred  Elwes.    VoL  3.    French-Italian-English       .       .       .    2/6 

Italian  Triglot  Dictionary 

(As  above).     In  One  Vol.      ...  ...     7/6 

Spanish  Grammar. 

In  a  Simple  and  Practical  Form.  With  Exerdses.  By  Alfred  Elwes     1/6 

Spanish-Bnglish  and  Bnglish-Spanish  Dictionary. 

Includuig  a  large  number  of  Technical  Terms  used  in  Mining,  Engineering, 
&c.,  with  the  proper  Accents  and  the  Gender  of  every  Noun.    By  Alfred 

Elwbs 4/0 

V  Or  with  the  Grammar,  6/0- 
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^ortugamam  Grammap, 

In  a  Simple  and  Practical  Form.  With  Exercises.  By  Alfkbd  Elwks     1  iQ 

PoTtugvtmam'Kniiiwh    and    BngIish-PoFt«|(a**«    I>io- 
tionarv. 

Including  a  large  number  of  TechnlaU  Terms  used  in  Mining,  Engineering, 
ftc,  with  the  proper  Accents  and  the  Gender  of  every  Noun.    By  Ai,fkbd 

Elwbs.    Third  Edition,  revised 5/0 

*'•*  OrwiiA  tht  Grammar,  7/0* 

Animal  Physios, 

Handbook  of.    By  Dionvsius  Lardnkr,  D.CL.    With  sac  Illustratiocu. 

In  One  Vol.  (73a  pages),  cloth  boards 7/6 

•,*  Sold  mh»  in  7tp#  Petrts^  atfollowti— 
Animal  Physics.    By  Dr.  Lardnkr.    Part  I.,    Chapters  I.— Vll.    4/O 
Animal  Physics.     By  Dr.  Lardnbr.    Part  11.,  Chapters  VIII.— XVIII. 

3/0 


BRADBURY,   AGNBW,  ft  Ca    LD.,    PRINTBR!;,    LONDON  AND  TONBRIDGB. 
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BUILDING    A    ARCHITECTURE. 

Building  Estates.    F.  Maitlakd 

Science  of  Building.    E.  W.  Tabn 

Building,  Art  of.    E.  Dobson     .... 

Book  on  Building.    Sir  K  Bkokstt 

Dwelling  Houses,  Erection  of.    S.  H.  Bbooks 

Cottage  Building.    0.  B.  Allen    .... 

Acoustics  of  Public  Buildings.    Prof.  T.  R.  Smith 

Practical  Bricklaying.    A.  Hammond    . 

Practical  Brick  Cutting  &  Setting.    A.  Hammond 

Brickwork.    F.  Walker 

Brick  and  Tile  Making.    E.  Dobson. 

Practical  Brick  &  Tiie  Book.    Dobson  &  Hammond 

Carpentry  and  Joinery.    T.  Tbxdoold  k  E.  W.  Tabn 

Atlas  of  3$  plates  to  the  above    .... 
Handrailing,  and  Staircasing.    O.  Collinos    . 
Circular  Work  in  Carpentry.    G.  Collinos 
Roof  Carpentry.    O.  Collinos  .... 
Construction  of  Roofis.    E.  W.  Ta&n  . 
Joints  used  by  Builders.    J.  W.  Chbistt 

Shoring.    G.  H.  Blaoboyb 

Timber  Importer's  &  Builder's  Guide.  R.  B.  Grandt 

Plumbing.    W.  P.  Buohan 

Ventilation  of  Buildings.    W.  P.  Buoban 
Practical  Plasterer.    W.  Kbmp      .... 
House-Painting.    E.  A.  Davidson 
Elementary  Decoration.    J.  W.  Facet  . 
Practical  House  Decoration.    J.  W.  Facet 

Qas-Fitting.    J.  Black 

Warming  and  Ventilation.    C.  Tomlinson 

Portland  Cement  for  Users.    H.  Faija 

Limes,  Cements.  &  Mortars.    G.  R.  Buknell 

Masonry  and  Stone  Cutting.    £.  Dobson   . 

Arches,  Piers,  and  Buttresses.    W.  Bland 

Quantities  and  Measurements.    A.  C.  Beaton   . 

Complete  Measurer.    R.  Horton 

Light,  for  use  of  Architects.    E.  W.  Tarn 

Hints  to  Young  Architects.  Wiohtwick  k  Gxtillaume 
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4/6 
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CROSBY  LOCKWOOD  k  SON.  7.  Stationen'  HaU  Court.  E.C. 
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